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CENTRIFUGAL 
SAND 
PUMPS 


The rubber-lined Wilfley Sand Pump shown 
here is typical of Wilfley installations throughout 
the world, Wilfley sand pumps are also available 
With interchangeable hard alloy iron parts to meet 
requirements of every installation. Write, 
Wire or phone for complete details. 


Tndividual Engineering on every appuication 


A. R. WILFLEY and SONS, INC. 


Denver, Colorado, U.S.A. « New York Office: 1775 Broadway, New York City 
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* Shown here ore two of the eight Nord- 
berg mine hoists installed at various oper- 
ations of the New Jersey Zinc Company. 
These Nordberg hoists, at Ogdensburg, 
N. J., ore 10’ diam. x 72” face double 
drum units. Hoist in foreground hauls 
10,400 Ibs. of ore at ao rope speed of 1830 
fpm. Man hoist in background is designed 
for lighter loods and slower speeds. 


... Standard of the Mining Industry 


For over 50 years, Nordberg has spe- 
cialized in building large or unusual hoists 
to specification, and is the source of the 
most progressive hoist engineering ad- 
vances in the mining industry. The most 
modern tools, skilled craftsmen, and a 
widely experienced engineering staff com- 
bine to produce mine hoists which enjoy 
an unexcelled reputation for safe and de- 
pendable operation throughout the world. 


With the trend toward larger ton- 


nages and more powerful hoists, greater 
emphasis than ever is being placed on the 
design ability of hoist manufacturers. 
Here Nordberg has achieved consistent 
success and is today in the position to 
build both conventional and friction type 
hoists according to the requirements of 
the mining industry. 

Write for further details, or ask for 
Bulletin 199. NORDBERG MFG. CO., 
Milwaukee, Wisconsin. 


© 1956, Nordberg Mig. Co. 


i F SYMONS CONE CRUSHERS GRINDING MILLS 


NEW YORK SAN FRANCISCO DULUTH + WASHINGTON 
TORONTO «+ MEXICO, LONDON JOHANNESBURG VIBRATING SCREENS VIBRATING GRIZZLIES 10 te ever 12,000 
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PRONTO URANIUM 


One of the first Canadian Mills to go into production utilizing ion ex- 


change 


Pronto Uranium has made skillful use of Dorr-Oliver techniques 


tographs on these 


i rocessing step in the plant. The p | 
nisi ci are arranged in flowsheet order to show the major 


treatment steps from primary grinding to final thickening 
ahead of dewatering. 


— 


GRINDING — One of two Dorr HX 
Classifiers installed in closed circuit. 
Each unit has a design overfiow of 900 
tons per day at 65% — 200 mesh. 


ION EXCHANGE — A Dorrco d-i Sys- 
tem consisting of eight cells each 8’ dia. 
by 15’ deep with air domes receives 
the clarified pregnant solution. inset 
shows ion exchange control panel. 


THICKENING — Classifier overflows 
are thickened in two 40’ dia. Dorr Tray 
Thickeners (one shown) and the under- 
flows at 65% solids ore removed by 
Dorrco VM Pumps. 


4 


AGITATION — Six 18’ dia. Dorr Agi- 
tators provide sufficient detention for 
complete precipitation of uranium con- 
centrate from solutions received from 
Dorrco d-i System. 


AGITATION — Eight 24’ dia. Dorr Agi- 
tators are used for acid leaching the 
vranium at 60% solids from the Thick- 
ener underflows. Three additional Agi- 
tators are used for pH adjustment of the 
leach slurry 


THICKENING — This special 32’ dic. 
Dorr Thickener equipped with « deep 
feed-well thickens precipitated slurry 
from Agitators ahead of dewatering. 


APRIL 1956, MINING ENGINEERING—339 


| 
AT 
all 
“AOD | 
iy 
— = 
WORLD - WIDE RESEARCH . ENGINEERING . EQUIPMENT 


PERSONNEL 


HE following employment items are mode 

available to AIME members on a non 
profit basis by the Engineering Societies Per- 
sonnel Service Inc., operating in cooperation 
with the Four Founder Societies. Local offices 
of the Personnel Service are at 8 W. 40th St, 
New York 18; |00 Farnsworth Ave, Detroit; 
57 Post St., Sen Francisco; 84 E. Randolph St, 
Chicago 1. Applicants should address 
to the proper key numbers in 


all mail 
are of the 
New York office and include 6c in stamps 
for forwarding and returning application. The 
applicant agrees, if placed in a position by 
means of the Service, to pay the placement 
fee listed by the Service. AIME members may 
secure a weekly bulletin of positions avail- 
able for $3.50 a quarter, $12 a year 


5’ x 12’, Type F-600 
TY-ROCK SCREEN 
with Tubular Base. 


FOR PROFITABLE scrEENING 
USE 


TYLER VIBRATING SCREENS 
AND 


TYLER WOVEN WIRE SCREENS 


There is a Tyler Vibrating Screen for every sizing and 
dewatering job. Tyler Screens are noted for the huge tonnages 
handled with top efficiency and low cost per ton. 


Tyler Woven Wire Screens are made in all meshes and 
metals in over 10,000 different specifications. Ton-Cap and 
Ty-Rod Screens with the long-slot openings provide the 
greatest capacity for a given discharge area. 


MEN AVAILABLE 


Mining Engineer, B.S. in geology, 
B.S. and M.S. in mining engineering, 
registered professional engineer, five 
years experience; seeking interest- 
ing and reasonably lucrative position, 
either domestic or foreign, in engi- 
neering, Operations, or sales. M-260. 


Safety Engineer, 25 years experi- 
ence with major coal and metal pro- 
ducers in open pit, undergreund, east 
and west U. S. Previously engaged 
administrative, exploratory, coal, 
diamond drilling operations, foreign. 
Registered professional and mining 
engineer and rating U. S. Bureau of 
Mines: mining engineer. Broad ex- 
perience preparation industrial and 
mine safety codes. Available foreign 
or stateside. M-261 


THE W. S. TYLER COMPANY 


CLEVELAND 14, OHIO 


of Woven Wire Screens and Screening 
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Mining Engineer, eight years as 
manager and consultant, producing 
mines. Broad experience in opera- 
tion and development, design and 
construction of mining and treat- 
ment plants, labor negotiation. Mar- 
ried, children. M-262. 

Mining Engineer, 30, married, B.S. 
in mining engineering; two years 
underground and open pit nonmetal- 
lics, two years mine valuation, also 
placer mining and gravel estimating 
experience. Some Spanish and 
French. Prefer Canada, Alaska. 
Available May. M-263. 

Geologist, B.S. in geological engi- 
neering and registered mining engi- 
neer; 30, married; five years experi- 
ence examination, exploration, and 
development in mining-geology and 
engineering geology. Report writing, 
administrative, and limited consult- 
ing experience. Desires position in 
nonferrous mineral exploration or 
production. Location preferred: 
northwest U. S. or Mexico. M-264- 
SF-26-San Francisco. 


POSITIONS OPEN 


Graduate Mining Engineer, 35 to 
40, experienced in open pit mining, 
to assist in planning pit operations 
and be responsible for coordinating 
engineering and development with 
operations. Salary open. Location, 
Northwest. $1526. 

Industrial Engineer, 30 to 40, in- 
dustrial or mining engineering grad- 
uate, with at least five years super- 
visory production methods, cost ac- 
counting, and incentive experience 
in coal mining. Salary, $10,000 to 
$12,000 a year. Location, West Vir- 
ginia. W3077. 

Ore Dressing Engineer, 25 to 35, 
preferably with B.S. in mining engi- 
neering, to handle test work in com- 
mercial laboratory; to assist in plant 
design, cost estimating, and engi- 
neering controls. Excellent opportu- 
nity to grow with progressive organ- 
ization. Salary open. Headquarters, 
Florida. W2779. 


GEOLOGIST — MINING ENGINEER 
Services of graduate geologist or min- 
ing engineer with exploration drilling 
and mine management experience 
sought by large company for mining 
project management position. Please 
forward qualifications and salary de- 
sired to 
Box No. 3-D AIME 
29 West 39 St., New York 18 


STAFF ENGINEERS under 50 years 
of age wanted for challenging proj- 
ect work in mines, mills, smelters, 
and refineries for major copper and 
nonferrous producer. Wont self-re- 
liant and able engineers with min- 
ing or metallurgical backgrounds 
for engineering, design, procure- 
ment, and construction work, as 
well as younger inexperienced men 
Must be willing to travel world- 
wide as required from central engi- 
neering department in Salt Lake 
City, Utah. SALARY OPEN. Reply 
with full details to Box 4-D. 
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. New Simplified 
Length. . 13’9” 
Width... 6'9" 
Height 
Turning Radius....... “ee 18’ 
Weight, dry 12,790 Ib. 


Control. 


NEW Super Rock Drill - DH143 


Hammer Diameter 

Drill Rod Size 

Weight, with crawler 10,500 Ib. 
Rod Change, up to 20’ 
Height, Mast at Vertical 29’ 
Length 11’ 


NEW Gardner-Denver rock work team 


Here’s a new Gardner-Denver team for heavy-duty rock 
work in open cuts, in quarries, in open pit mines. 

The new Gardner-Denver Rotary 900 Portable gives 
you extra air capacity for bigger drills or more of them 
—without additional engines and equipment to care for. 
Plus these popular Gardner-Denver features: clutch for 


easy cold-weather starting . . . circulating water system 
for warming up the compressor oil before it turns over 
. super-simplicity for easy field maintenance. 


The new Gardner-Denver 514" Model DH143 gives 
you an entirely new rock drill class. Now you can select 
the proper bit size and plan hole spacing for best break- 
age in any ground. All controls are conveniently mounted 
at the operator's station. Available with a new Gardner- 
Denver air-powered crawler, or for mounting on your 
own heavy diesel tractor. 

Send for the facts today! There's a Gardner-Denver 
distributor in your area—see him for details. 


GARDNER - DENVER 


THE QUALITY LEADER IN COMPRESSORS, PUMPS, ROCK DRILLS AND AIR TOOLS 
FOR CONSTRUCTION, MINING, PETROLEUM AND GENERAL INDUSTRY 


Gardner-Denver Company, Quincy, Illinois 


c 


y (Ceneda), 


14 Curity Avenue, Toronte 16, Ontario 
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Is This the PIPE 
You're Looking For? 


When you need lines for mining and quarrying operations, 
consider the basic advantages of Naylor Spiralweld pipe in 
both high and low pressure air and water service. 


From a structural standpoint, the Naylor spiral truss provides 
extra strength and safety for mining operations. The same 
structure adds collapse strength when Naylor pipe is used in 
vacuum service on ventilating lines. Here, too, the lockseamed, 
spiralwelded structure permits use of lighter gauge material 
for lower cost without sacrificing performance. 


For installation ease and economy, the one-piece Naylor 
Wedge-Lock Coupling will connect lines better than by any 
other method. 


Sizes range from 4” to 30” in diameter with lengths to 40 feet. 


Write for Bulletins No. 507 and No, 513. 


N AY L O we NAYLOR PIPE COMPANY 
PIPE 


Eastern U. S. and Foreign Sales Office: 350 Madison Avenue, New York 17, New York 
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Please Order These Publications 
from the Publishers 


Standards of the Hydraulic Institute, 
The Hydraulic Institute, 122 E. 42d 
St., New York 17, N. Y., $4.75 domes- 
tic, $5.25 foreign, postage included, 
234 pp., loose leaf, 10th ed., 1955.— 
A revision notification service is pro- 
vided to copyholders. This is a com- 
panion volume to the Pipe Friction 
Manual, aiso published by the Hy- 
draulic Institute. 


Minerals Yearbook, 1952, Area Re- 
ports, Volume III, by the staff of the 
U. S. Bureau of Mines, Superinten- 
dent of Documents, U. S. Govern- 
ment Printing Office, Washington 25, 
D. C., $3.75, 1050 pp., 1955.—Year- 
book material has increased to the 
point where it is impractical to pub- 
lish it under one cover. This third 
volume completes the Yearbook for 
1952. Volume I, Metals and Minerals 
(Except Fuels) ($4.00) contains 
chapters on mineral commodities, a 
chapter reviewing these industries, 
a statistical summary and recapitu- 
lation, and chapters on mining tech- 
nology, metallurgical technology, 
and employment and injuries. Vol- 
ume II, Fuels ($2.25) consists of 
chapters on each mineral-fuel com- 
modity, as well as chapters review- 
ing the industry as a whole, a statis- 
tical summary, and an employment 
and injury presentation. Volume III 
is made up of chapters covering each 
of the 48 States, plus chapters on 
Alaska, the Territories and island 


Caribbean, including the Canal Zone. 
It also has a chapter recapitulating 
its statistics in summary form on a 
regional basis and another present- 
ing employment and injury data 
regionally. 


ORDER THE FOLLOWING BOOKS 
THROUGH AIME—Address Irene K. 
Sharp, Book Department. Ten pct 
discount given whenever possible. 


Asbestos, Its Origin, Production, and 
Utilization, by W. E. Sinclair, Mining 
Publications Ltd., London, $9.00, 365 
pp., 1955.—A general cross-section of 
asbestos from its source to its end 
use. The history, varieties, form and 
nature of deposits, world distribu- 
tion, and commercial application are 
given. Production methods and syn- 
thetic asbestos and substitutes are 
also discussed. Canada, Southern 
Rhodesia, Russia, and South Africa 
are the principal countries contain- 
ing large payable commercial de- 
posits and large potential reserves. 
The Russians, under Peter the Great, 
were the first to use asbestos com- 
mercially. Asbestos socks, gloves, 
and handbags were manufactured, 
but the enterprise was not a success. 
(Continued on page 346) 
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“Easy as filling a coffee bag,” say men who prepare Simple and safe to store, Akremite can be mixed right 
at mine location. 


supply of Akremite. 


"How We Cut Blasting Costs 50%, Increased 
Output 20%, with New Akremite Process’”’ 


Spencer prilled Ammonium Nitrate is base 


“We've found the new Akremite 
Blasting Process, now in use at our 
Cheshire, Ohio, operations, to be 
the ideal explosive for strip min- 
ing,” reports F. H. Howe, Superin- 
tendent of Ohio River Collieries. 
‘“‘Because the ingredients are 
cheaper and the mixing process so 
much simpler, we have cut explo- 
sive costs 50% with Akremite. At 
the same time, better fragmentation 
produced by Akremite lets us move 
20% more yards per month. 


“The terrain in which we work 
is unusually difficult, but because 
Akremite is so safe and easy to 
handle, we still come out ahead.” 

Akremite, the simple but revolu- 


SPENCER 


610 Dwight Building 


for new simple, safe, 


tionary new explosive, is named 
after its inventor, R. I. Akre, super- 
intendent of drilling at Maumee 
Collieries Co., Terre Haute, Ind. 
Akre uses prilled Ammonium Ni- 
trate, produced by Spencer Chemi- 
cal Company, as the base for his 
new explosive. 


By itself, ammonium nitrate is 
not an explosive. But Akre found 
that if he mixed it with carbon 
black, packed it in a polyethylene 
bag, confined it in a drill hole and 
detonated it with a high gelatin 
dynamite and primacord, it pro- 
duced a tremendous explosion. 


Recently, Southern Research In- 
stitute at Birmingham put Akre- 


low-cost explosive 


mite through a series of safety tests. 
They fired bullets into bags of 
freshly made Akremite. And they 
conducted the regular pendulum- 
friction and modified propagation- 
through-air tests. 


Not a single explosion, fire or 
crackling resulted from any of these 
tests. Akremite with Spencer 
prilled Ammonium Nitrate is not 
only cheaper and better, but many 
mines report it is the safest strip 
mine explosive they have ever used 


(NOTE: Spencer Chemical Co 
will be happy to provide you with 
further information about the Akre- 
mite Method as discussed by Mr. 
Howe. ) 


CHEMICAL COMPANY 


Kansas City 5,Mo. * 


BAltimore 1-6600 
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$1,000 a day down the drain 


In one of the major processes for the recovery of cobalt 
and nickel, salts of these metals are precipitated chemi- 
cally from the primary ore leach liquor, then filtered. 
Unfortunately, precipitation is always incomplete. The 
result? Just about a thousand dollars’ worth of metal is 
being lost daily. 


The metals can be saved, however—by a process based 
on AmBeriire® ion exchange resins. Virtually all 
of the unprecipitated cobalt and nickel salts can be 
readily extracted from the filtrate and returned to the 
leach circuit. 


Cobalt and nickel are but two of the metals which can be 
won from ores or scavenged from wastes by ion exchange. 
Uranium is being processed with AmBERLITE ion ex- 
change resins. Thorium and rare earth elements can be 
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recovered from complex ores. Rhenium can be 
salvaged from refinery flue dusts, and nickel 
and chromium can be recovered from plating 
rinse water. 


Can ion exchange help you? To find out, and to 
keep abreast of developments in ion exchange, 
ask for the bi-monthly report, Amber-Hi-Lites. 


Chemicals for Industry 


ROHM HAAS 


COMPANY 
THE RESINOUS PRODUCTS DIVISION 
Washington Square, Philadelphia 5, Pa. 
Kep princpal foreyn countries 


5 


KENNEDY Machinery & Equipment 
for the NON-METALLIC MINING INDUSTRY 


CUBER SENIOR, 
(Model 3648) 


Multi-stage, regulated flow im. 
pact breaker for primary and 
secondary crushing. Dual rotor, 
triple action. Breaks non-abrasive 
stone and similar materials, Pro- 
duces wide range of aggregate 
sizes with full gradation control 
Available in portable or stationary 


KVS Machinery and Equipment is in use throughout | 
the world and enjoys an outstanding reputation for | 
dependability, low operating and maintenance cost. 


Machinery illustrated covers only a small portion 
of our line. We manufacture everything from a 
crusher to a complete mining plant. Consultation 
with KVS engineers can be arranged anywhere in 
the world. 


GYRATORY 
CRUSHERS 


Gearless, primary and second- 
ary types in a wide range of 
capacities. Features include 
Synchronous Motor, built in- 
tegral into pulley; power used 
only for crushing. 


BALL MILLS 


length and diameter. 
Balis may be added 
while mill is in oper-_. 
ation, Available 
models for either wet—— 
or dry grinding. 


| 
| 
| 
| 
| Furnished in any 
| 
| 
| 


SWING JAW 
CRUSHERS 


Complete range of 
heavy duty sizes and 
capacities from 6,000 
to 600,000 Ibs. Jaw 
plates reversible, end 


VIBRATING ROCK FEEDERS 


to end, side to side 
for long wear. Frames 
of larger sizes built in SCREENS Heavy duty for continuous crush 


four sections for 
easier installation. 
Swing Jaw Shaft cast 


’ . | er feeding from steam shovel, 
Single, double or triple deck truck or railroad cars, Operates 
models with interchangeable at variable speed, equipped with 


integral with Swing” mesh. Screens have four-way mo- overlapping pans. Widths, from 
Jaw. tion; all models available in wide 24 in. to 84 in., in lengths to 
range of sizes. | suit requirements. 


Send for bulletin describing KVS Machinery and Equipment 


SAU 


MANUFACTURING & ENGINEERING CORPORATION 
TWO PARK AVENUE, NEW YORK, N.Y. © FACTORY: DANVILLE, PA. 
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Potash Recovery at Carlsbad 


Storage 
Reduces Costs wed 


This prominent producer of basic chemicals uses Sauerman 1'%-cu. yd. 
Drag Scraper Machines to reclaim potash at 200 tph. Total area cov- 
ered is approximately 125 by 370 ft. Building capacity is 60,000 tons. 


Here's how a Sauerman Machine cuts costs: 


One operator, located in a safe station, overseeing the entire area, can 
recover practically 100% of all stockpiled material. 


All highly machined parts, hoists and motors can be located outside of 
the building and protected from corrosion and dust. 


When parts are replaced—sheaves, clutch or brake linings—the ma- 
chine is restored to practically new condition, even though it may be 
twenty or more years old. 


Only the Crescent scraper and cables contact the material. The scraper 
machine can be designed to operate the scraper on top of non-caving 
material. This allows the scraper to break down any high faces that 
may be standing. 


Sauerman Storage Machines are built for hourly capacities of from 20 
to 600 cu. yds. A partial list of producers and manufacturers using 
some type of Sauerman equipment includes: 


Crawtord Chemical Co Lion Oi! Co 

Devison Chemical Co Potash Company of America 
Division of W. R. Grace & Co Red Star Fertilizer Co 

Duval Sulphur & Potash Co Southern Agricultural Fertilizer Co. 

Ff. 5. Royster Guano Co Tennessee Farmers Cooperative 

International Minerals & Chemical Corp. Virginia-Carolina Chemical Corp 


For ways to reduce your material handling costs, request Catalog E, 
Bulk Storage by Scraper, plus Field Report 227 and other reports on 
the handling of your material by Sauerman Machines. 


BROS. INC. 


BELLWOOD, ILL. 


646 S. 28TH AVE. 
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(Continued from page 342) 


Construction Planning, Equipment 
and Methods, by R. L. Peurifoy, 
McGraw-Hill Book Co. Inc., $8.50, 
534 pp., 1956.—The purpose of this 
book is to show how the application 
of engineering fundamentals and 
methods of analysis can improve the 
quality of construction while at the 
same time reducing costs. Subjects 
covered include job planning, con- 
struction management, factors affect- 
ing equipment selection, and such 
fundamentals as soil compaction, the 
effect of altitude and temperature on 
engine performance, rolling resist- 
ance, etc. Considerable space is de- 
voted to the performance, cost, and 
suitability of various kinds of equip- 
ment, and to drilling, tunneling, 
foundation, grouting, and other pro- 
cedures. 

Chemical Engineering, Volume II: 
Unit Operations, by J. M. Coulson 
and J. F. Richardson, McGraw-Hill 
Book Co. Inc., $9.00, 585 pp., 1955.— 
Applying the basic principles of fluid 
dynamics, heat and mass transfer 
discussed in Volume I, this volume 
deals with such operations as flow of 
fluids through granular beds and 
packed columns, filtration, gas clean- 
ing, leaching, distillation, crystalliza- 
tion, and drying. Although basic 
principles are stressed the treatment 
is sufficiently practical to be of value 
to engineers in industry. 
Professional Engineer’s Examination 
Questions and Answers, by William 
S. LaLonde, Jr.. McGraw-Hill Book 
Co. Inc., $6.50, 462 pp., 215 illus., 1956. 
—More than 500 questions drawn 
from recent actual examinations for 
professional engineer license, land 
surveyor license, and engineer-in- 
training certificate. Questions and 
answers cover all major phases in 
fundamental engineering, in chemi- 
cal, civil, electrical, and mechanical 
engineering. The author is chair- 
man, civil engineering dept., Newark 
College of Engineering. 

Keystone Coal Buyers Manual, 1955, 
McGraw-Hill Publishing Co. Inc. 
$25.00, 7050 pp., 1956.—Data on coal, 
coal operating companies, mines and 
preparation plants, and coal sales 
organizations. Seams are described 
with a complete story of the burning 
characteristics of the coal from each 
seam. River transportation is given 
with a map of the inland waterway 
system and adjacent coal fields of 
the U. S. The directory section of 
the manual contains a listing of all 
active coal mines producing 50,000 
tons or more each year; a geographi- 
cal index in each state section, show- 
ing the location of main offices and 
mines by counties, cities, and towns; 
and an alphabetical listing of execu- 
tives. This section, the Coal Mine 
Directory, may be purchased sepa- 
rately for $15.00. 


Bulk Mineral Storage by the SAUERMAN Method a BOOKS Be 
| 
How 
Saverman Scraper 
| 
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Only one crusher gives you 


Complete 
Adaptability 
for a 


BALANCED 


||| 


Superior 
Crusher 


@ With a Superior gyratory crusher 
pacing production, your entire circuit 
remains in balance. Subsequent equip- 
ment —crushers, screens, grinding mills 
— need not be readjusted to varied 
product sizes and capacities. The many 
variable factors provided by the Supe- 
rior crusher permit obtaining the kind 
of production flow demanded by your 
other equipment. For example, chang- 
ing eccentric throws, crusher speed or 
shape of crushing chamber varies capac- 
ity and product size. The bottom dis- 
charge permits utilizing the concrete 
foundation as a surge bin to control 
flow of material through your plant. 
Hydroset control is another factor in 
maintaining a balanced circuit. Retain- 
ing the initial crushersetting by compen- 
sating for wear is a one-man, one-minute 
operation when a Superior gyratory 
crusher is so equipped. Emergency un- 
loading is made easier with just the 
flick of a switch. 
For complete information, see your A-C representa- 


tive, or write Allis-Chalmers, Industrial Equipment 
Division, Milwaukee 1, Wis., for Bulletin 07B7870. 


Superior and Hydroset are Allis-Cholmers trodemorts 


ALLIS-CHALMERS 


Gyrotory Crushers Grinding Mills 
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Kilns, Coolers, Oryers 


Hommermills Vibrating Screens Jaw Crushers 
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CAL-WIC INDUSTRIAL SCREENS 


Today, as never before, Cal-Wic Industrial Screens are 
being used in the expanding construction industry of 
America. Contractors know they can depend on 
Cal-Wic Screens because they are tailor-made for 
accurate sizing and long life, resulting in less downtime 
and greater production. 


Every phase of production of CF&I Cal-Wic Industrial 
Screens is checked by exacting quality controls to assure 
that highest standards are maintained. The steel used 

is specially-selected, basic open hearth steel which 

has the right balance between hardness and toughness. 
Cal-Wic Industrial Screens are then woven on powerful 
looms. They have tight wire intersections and openings 
that will retain their original size. 


There’s a CF&I sales engineer always within easy 

reach ... ready to give you prompt assistance with any 
operating problem that might arise. For complete 
details, contact our nearest District Sales Office. 


CAL=-WIC 


INDUSTRIAL SCREEN 


THE COLORADO FUEL AND IF CORPORATION © 


3612 


Albuquerque * Amarillo Billings Boise + Butte Casper Denver El Poso Ft. Worth Houston Lincoln (Neb.) + Los Angeles 
Oakland + Oklahome City Phoenix + Portland Pueblo Salt Loke City San Antonio Son Francisco Seattle Spokane Wichita 
CANADIAN REPRESENTATIVES AT - Colgory - Edmonton - Montreal 
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DAY-OUT’’ 


GM DETROIT DIESEL CASE HISTORY No. 1C9-121 


OWNER: The Maumee Collieries 
Co., Jasonville, indiana. 


INSTALLATION: Gm Detroit 
Diesel “Twin 6-71" replaced an- 
other make Diesel in 5-yard SW 
Monaghan in 1948. Company now 
owns 24 GM Detroit Diesel- 
powered shovels, tractors, 


PERFORMANCE: Company 
specifies GM Detroit Diese! power 
“to get day-in, day-out operation 
with minimum attention.” They 
report, “Our GM Detroit Dies2is 
have given us excellent service.” 
GM Detroit “Twin 6-71" Diesel in 
Monaghan has run more than 
25,000 hours with only one over- 


graders and a truck. haul. 


HE STORY of the Maumee Collieries is dupli- 
cated thousands of times. 


A customer gets his first General Motors Detroit 
Diesel. And it quickly establishes a fast-working, 
cost-cutting reputation. 


Then he buys another—and another—until soon 
he’s standardized on GM Detroit Diesel power. 


For a GM Detroit Diesel is packed with real snap 
that makes the job go faster—sets the pace for 
your whole operation. And after you see what 
this Diesel can do, you'll be satisfied with no other 
Diesel. 


The reasons are simple. Two-cycle operation. Easy 
maintenance. Simple repairs. Low-cost, inter- 
changeable parts and fast service everywhere. 

These are just a few reasons why it’s America’s 
first choice Diesel. Your local GM Detroit Diesel 
distributor can tell you the full story or write direct. 


Single Engines ...3010300H.P. Multiple Unite... Up to 498 H.P. 


Got Spring Fever? Maybe your 
engines have, too. Your GM 
Detroit Diesel distributor or 
dealer can snap ‘em out of it with 
a spring tune-up. And he'll help 
you set up a preventive mainte- 
nance program to keep your en- 
gines running right all summer 
long. Take care of your engines 
and they'll take care of you and 
remember — Preventive Mainte- 
nance Doesn't Cost —It Pays. 


DETROIT 
DIESEL 


Engine Division 


of General Motors 
Detroit 28, Michigan 


America’s Largest Builder of Diesel Engines 
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“ON THE JOB DAY-IN AND Hi. 
A’ 
JIMMY DIESEL’S MAINTENANCE TIPS 
Wier. 
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MODERNIZATION 


key to profitable strip mining 


Bucyrus-Erie 1050-8 stripping shovel, with 45- 
yd. dipper, stripping overburden in Sunnyhill 
Coal Compony mine at New Lexington, Obie. 


BUCYRUS - ERIE STRIPPING SHOVELS: 
key to efficient modernization 


When you modernize with a Bucyrus-Erie vides quick response, smooth acceleration and 
stripping shovel, you've taken a long step toward deceleration, and flexibility of operation that main- 
the big output, low-cost stripping necessary for tains high operating speed for maximum output. 
profitable operations. 

These long range stripping shovels offer front- Modernization is a major part of the solution 
end design featuring superior strength with mini- to the problem of rising costs — Bucyrus-Erie 
mum weight, powerful digging action, and long stripping machines can provide a major part of 
life. Ward Leonard variable-voltage control pro- any modernization program in strip mining. ,,,,, 


Sovth Milwovkee | 
Wisconsin 
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Scintillation Counter 

Portable scintillation counter made 
by Radiac Co. reads directly in per- 
centage of uranium. Its 1%x1-in. 
thallium-activated sodium iodide 
scintillating crystal permits broad 
area surveying by plane, localized 
prospecting from a moving vehicle, 
and foot prospecting over rugged 
terrain. Strip chart pen recorder can 
be used with Percentometer to make 
permanent radioactivity iogs of all 
areas surveyed. Circle No. 1. 


Seismograph 

Houston Technical Laboratories’ 
7000B “all purpose” seismograph sys- 
tem combines three major seismic 
systems in one. Simple switching 
operation permits operator to record 
in any one of three frequency ranges: 
wide band, magnetic, and very low 
frequency, 3 to 500 cps. Compact in 
design, the 7000B weighs no more 
than a standard seismograph sys- 
tem. Circle No. 2. 


Tractor Shovel 

Shown is Allis-Chalmers’ diesel- 
powered HD-6G tractor shovel with 
a capacity of 11/3 cu yd. Weighing 
19,600 lb, it is powered by HD-344 
diesel engine developing 57 net fly- 


wheel hp, 55 hp at the belt, 45 hp at 
drawbar. Interchangeable equip- 
ment includes rock, drag, and light 
materials bucket; an angledozer and 
two bulldozer blades; crane hook; 
trench hoe; lift, tine, and rock forks. 
Circle No. 3. 


Pilot Plant Driers 

Hardinge Co. self-contained pilot 
plant or laboratory size Ruggles- 
Coles rotary driers are available in 
three models. These compact units 
are mounted on a structural steel 
frame and require only fuel and 
electrical connections for operation. 
Model XH-XF is a single shell, direct 
heat, gas fired drier that can be 
arranged for either parallel or 
counterflow operation. Circle No, 4 
Model XB is a double shell, indirect, 
gas fired rotary drier, particularly 
suited for high temperature drying 
without contaminations. Volatiles 


can be easily separated from solids. 
Circle No. 5. Model XC is a steam 
tube drier for small capacity opera- 
tions. Cirele No. 6. 


Quick Link 

The Page Engineering Co, Twin- 
Pin connecting link shown below 
requires only a hammer and it is 
claimed that anyone can make chain 
repairs within 5 min right on the 


job. Repair unit can also be used to 
load line to the hitch plate exten- 
sion and in larger buckets as a cone 
nection to the trunnion link. Circle 
No. 7. 


For Metallurgical Specimens 

Buehler Ltd. has an automatic 
polishing attachment for metallurgi- 
cal specimens. Designed to fit all 
Buehler 8-in. low speed polishers, 
unit accommodates 6 mounted speci- 
mens of 1 in., or 5 of 1% in. diam. 
Complete polishing procedure re- 
quires an average of 20 min and far 
less skill and practice than for hand 
polishing. Cirele No. 8. 


Suction Pump 

The Morris Machine Works type Q 
suction pump handles abrasive slur- 
ries of cement, sand, coal, solids, 
chemical sludges, and other products 
up to the maximum fluid consistency 
under suction lift or positive head 
All metal, the type Q is made in 
seven different models from 2 to 6 
in. Four bolts open pump for most 
maintenance requirements without 
disturbing piping. Circle No. 9. 


Equipment 
Catalogs 


Rectilinear Recorder 

A rectilinear recording milliam- 
meter by Texas Instruments Inc. re- 
moves the necessity of complicated 
data reduction since signals are pre- 
sented in true rectilinear appearance 


Front access is provided for all rou- 
tine operations. Continuous record. 
ings ranging from 1 hr 40 min to 60 
days are possible through a choice of 


10 speeds. Circle No, 10, 


Uranium-Thorium Discriminator 

Made by Universal Atomics Corp., 
the Gamma Gun scintillation counter 
has a uranium-thorium discrimina 
tor and a built-in preamplifier that 
can operate a standard | ma. re 
corder. Gamma Gun has 2x1%-in 
sodium iodide crystal and weighs 5% 
Ib. It is claimed to operate on stand 
ard flashlight batteries for 250 hr 
and under ideal conditions to detect 
changes in ground radioactivity up 
to 1000 ft. Cirele No, 11. 


Filter Test Kit 

Plants operating continuous vac 
uum or pressure filters for control 
work or selection of filter media will 
be interested in a filter test kit made 
by The Eimco Corp. Kit has a gen- 


erous amount of various types of 
filter media, a filter test leaf with 
clamping ring, and an instruction 
booklet for the operation of the test 
leaf. Kits are available at a nominal 
charge of $5.00 each 
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Carset Jackbits 


> DRILL FASTER 
and LAST LONGER 


Carsets being used with JR3BA Jackdrill, 


INGERSOLL-RAND Carset Jackbits, with tungsten carbide 
cutting edges, have demonstrated cost saving performance 
on rock drilling jobs all over the world. 


Carset Jackbits have deeper Carbide Inserts for more 
footage between grinds— more regrinds per bit. They have 
more metal behind the inserts, providing greater support 
and longer bit life. Stronger skirt walls and greater bearing 
area on the rod shoulders enable the bit body to stand up 
for the full life of the carbide inserts. 


These longer lasting, faster drilling Carset Jackbits, to- 
= gether with Ingersoll-Rand’s complete line of rock drilling 
eritt Steet equipment, give you an unbeatable combination for overall 
Furnaces drilling efficiency. Your nearest I-R representative will be 
glad to help you pick the combination best suited to your 
needs. 


& Carset Jackbits are available in gauge sizes from 14” 
to 3%". 


11 Broadway, New York 4, N.Y. 


ROCK DRILLS * COMPRESSORS * AIR TOOLS * CENTRIFUGAL PUMPS * TURBO-BLOWERS + CONDENSERS + DIESEL AND GAS ENGINES 
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(21) ORE FEEDER: Universal Engi- 
neering Corp. has a folder on its 
Wobbler, a reversible coarse material 
handler which removes fine material 
as it feeds. Features include variable 
spacing of its oval manganese steel 
bars, self-lubrication, optimum effici- 
ency with choke loads, operation on 
low power. 


(22) DIAMOND BITS: A 16-page 
catalog, No. 320-1, by Sprague & 
Henwood illustrates and describes all 
types of oriented diamond bits, non- 
coring bits, casing bits, casing shoe 
bits, reaming shells, impregnated 
coring bits, etc. 


(23) SCALPING SCREEN: Allis- 
Chalmers offers bulletin 07B8368 on 
its run-of-mine vibrating screen. One 
of the ten main features is a new 
easily removed cartridge type mech- 
anism. 


(24) INDUSTRIAL SIGNALS: Selec- 
tion of visual and audible signals 
will be simplified with the use of a 
comprehensive summary bulletin 
(No. 100) by Federal Sign & Signal 
Corp. Suggestions are accompanied 
by colored charts. 


(25) ALUMINUM HEAT EX- 
CHANGERS: Reynolds Metals Co. 
has a 16-page brochure pointing to 
the advantages of its alloys in alumi- 
num heat exchangers. Sections are 
found on design, application and 
fabrication. 


(26) SPECTROGRAPHIC SUP- 
PLIES: Jarrell-Ash Co. makes avail- 
able a catalog of pure materials and 
alloy standards. Listings also in- 
clude preformed electrodes, photo- 
graphic plates, film and processing 
chemicals, reference books. 


(27) POWER SCRAPER: The CCS 
Wooldridge “Cobrette” is a 10-yd 143 
hp diesel-powered scraper with ad- 
vanced features including fluid 
coupling drive and an exclusive 
“Gear Steer” system. Design per- 
mits two or more scrapers to assist 
each other in loading. 


MAIL THIS CARD 


for more information on 
items described in Manu- 
facturers News and for 
bulletins and catalogs 
listed in the Free Litera- 
ture section. 


(28) MOTOR GENERATOR SETS: 
Allis-Chalmers’ bulletin 05B8175 
covers large pedestal-bearing syn- 
chronous motor-generator sets for 
mine hoists, rolling mills, etc. Units 
are in standard 2-machine sets—200 
to 3500 kw output, 125, 250, or 600 
v dc; standard 3-machine sets—300 
to 7000 kw output, 125, 250, or 600 
v de; and in combinations to meet 
special requirements. 


(29) INDUSTRIAL TRUCKS: All 
types of electrically driven indus- 
trial trucks by Automatic Trans- 
portation Co, are covered in a new 


16-page illustrated catalog. To aid in 
plant layout planning, the aisle 
width and turning width needed by 
each vehicle is given in addition to 
complete specifications. 


(30) SIEVING SUPPLIES: Sieves, 
sieve shakers and sample splitters 
are offered in a folder by Soiltest 
Inc. Available in many sizes, the 
sieves are made to conform with the 
latest specifications. Prices are in- 
cluded. 


4 


Mining Engineering 


29 West 39th St. 


(31) WIRE LINES FOR DRILLERS: 
Jones & Laughlin Steel Corp. has a 
comprehensive 60-page handbook on 
the selection, use, and care of wire 
rope in drilling operations. There 
are numerous drawings in this 
pocket-size book comparing right 
and wrong ways of using and main- 
taining J&L wire rope. 


(32) CONVERSION CHART: Mayo 
Tunnel & Mine Equipment has a 
highly useful wall chart for metric 
conversion. Chart converts meters 
to feet, feet to meters, inches-and- 
fractions to meters, and shows the 
decimals of a foot. 


(33) WATER CLARIFICATION: L- 
lustrated reprint T-138 from Graver 
Water Conditioning Co. is on operat- 
ing factors and selection of chemical 
treatment for water clarification. A 
table lists characteristics of various 
coagulants. 


(34) MILL & KILN GEAR: Engi- 
neering report 6171 from the Falk 
Corp. details the meticulous care re- 
quired in manufacturing large pre- 
cision ring gears used to drive mills, 
kilns, hoists, and other machines. 
Thirty photographs show the science 
of making these large gear rings 
from the pouring of the casting to 
the final contact check. 


(35) SYNTHETIC FILTER MEDIA: 
Bulletin F2037 from Filter Media 
Div., Eimeo Corp., show the wide 
selection of both synthetic and nat- 
ural fabrics for “your every filter 
medium problem.” Materials shown 
are the “most modern available” for 
filtration equipment in the chemical 
and processing industries. 


(36) ROPE BELT CONVEYOR: Cat- 
alog G-115 from Goodman Mfg. Co. 
explains the rope belt conveyor. 
Loaded belt is supported on chain- 
linked idlers suspended between two 
stationary, parallel wire ropes. Ropes 
can be added as needed to obtain 
desired conveyor length and compo- 
nent units can be furnished for belt 
widths up to and including 48 in. 


New York 18, N. Y. 


Not good after July 15, 1956—if mailed in U. S. or Canada. 
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(37) WELDER & POWER UNIT: 
Lincoln Electric Co. has a bulletin 
on the Weldanpower, a 200 amp 
welder that supplies ac welding cur- 
rent for fast, easy welding, hard- 
surfacing, soldering, brazing, torch 
heating, and cutting. As an ac 
power source, unit supplies 4 kva 
for continuous duty, 5 kva for inter- 
mittent standby power. 


(38) DRAFTING: Frederick Post Co. 
has a booklet called “11 Ways to 
Save Drafting Time.” Among topics 
covered are scissor editing, masking, 
the block-out method, pick-off trans- 
fer, nonreproducible blue, and use of 
corrector fluids. 


(39) PUMP MAINTENANCE: Hints 
on maintaining initial pump efficien- 
cy and choosing a dredge pump for 
a particular need are discussed in 
bulletin 184-A from Morris Machine 
Works on GA and GAF dredge 
pumps. The 24 models range from 6 
to 20 in. 


(40) HANDLING EXPLOSIVES: 
Bulletin from Atlas Powder Co. lists 
72 Do’s and Don'ts on handling ex- 
plosives and blasting supplies. In- 
cluded are warnings applying to 
underground work, actions to be 
taken after firing, disposal of explo- 
sives, and 11 suggestions for mini- 
mizing poisonous gas hazards. 


(41) BELT CONVEYOR IDLERS: 
New from base to ball bearings, the 
Series 50 idlers by Link Belt Co. are 
available in seven widths from 14 to 
36 in. Greaseable and factory sealed 
types are offered. 


(42) PERFORATED PLATES: Pyra- 
mid Screen Co. offers a specification 
list of conical hole perforated plates 
recommended for extra fine process- 
ing and for resistance to abrasion, 
impact, pressure, etc. 


(43) PRODUCT LITERATURE: A 
handy directory by Allis-Chalmers 
lists company products and their de- 
scriptive literature. “This is A-C 
From A to Z” makes the ordering of 
needed information simple. 


(44) DIE CASTING: DMCT Diecast- 
ing Machines Div. of British Indus- 
tries Corp. has a 24-page catalog 
with an explanation of the tech- 
niques of the high-speed casting of 
small parts. Details on full installa- 
tion, service and maintenance pro- 
visions are included. A priced listing 
of machines and supplies supple- 
ments the booklet. 


(45) FABRICATED BUILDINGS: 
Luria Engineering Co. has an illus- 
trated bulletin showing a complete 
line of fabricated buildings. Fea- 
tures include flexibility, permanent 
construction, and field connections 
designed for bolting. 


(46) CLAY GUNS: William M. 
Bailey Co. has a 4-page bulletin on 
clay guns for blast furnaces and 
large electric furnaces. Guns pro- 
duce a clay pressure of 600 psi, and 
mounting and operating features as- 
sure fast, accurate positioning. 


(47) PULVERIZERS: Catalog 5510 
from Pulva Corp. covers high speed 
pulverizers for granulating, wet 
milling, and fine grinding. Pulva- 
Sizer is available in five sizes from 
% to 75 hp. 


(48) ROTARY FEEDERS: A com- 
plete catalog of rotary airlock feeders 
for granular and fine dust materials 
is available from Prater Pulverizer 
Co. Offered in several models, the 
feeders have interchangeable parts 
and 16 different rotor combinations 
to choose from. 


(49) ELECTRIC SLUSHERS: Built 
for heavy duty scraping, the Vulcan- 
Denver equipment is detailed in 
catalog DB5506 by Vulcan Iron Works 
Co. Remote and automatic controls 
are included. 


(50) CENTRIFUGAL FANS: Chi- 
cago Blower Corp. has a bulletin 
on centrifugal fans with complete 
details and performance tables. De- 
signed to fill Class I or Class II fan 
requirements, the “Chicago” line is 
suited for handling hot air and gases 
up to 600°F. 
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(51) FANS & BLOWERS: Catalog 
901 from Jeffrey Mfg. Co. is on ven- 
tilating equipment. The 48-page 
booklet contains photographs and 
drawings of Aerodyne fans and 
blowers to meet every mining con- 
dition as well as fans for industrial 
application. 


(52) CRUSHING PLANTS: In bulle- 
tin C12-B16 Denver Eqpt. Co. pre- 
sents facts about the type J portable 
and semiportable crushing plants. 
These rugged, completely self-con- 
tained units can be moved to any 
crushing job and be ready for oper- 
ation in a short time. 


(53) MOTORS: The 28-page booklet 
2447 from Link-Belt Co. on Gear- 
motors and Motogears contains se- 
lection data, construction features, 
load classifications, dimension tables, 
overhung load ratings, and mounting 
assemblies. Both designs are in 
keeping with new NEMA motor sizes 
that deliver more hp per Ib. 


(54) PROTECTIVE CLOTHING: In- 
dustrial Products Div., B. F. Good- 
rich Co., has a catalog on industrial 
clothing, including Koroseal-coated 
gloves for handling abrasive mate- 
rials. Raincoats, suits, hats, aprons, 
and gloves made of Koroseal are not 
affected by oils, grease, most acids, 
alkalies, and caustics. 


(55) EXCAVATING & LIFTING: 
The Bucyrus-Erie 15-B excavator is 
a %-yd shovel that is readily con- 
vertible to dragline, clamshell, drag- 
shovel, or lifting crane. It is offered 
with gasoline engine, diesel engine, 
or electric motor. 


(56) HEAT EXCHANGE PROB- 
LEMS: Typical installations of 
cupro-nickel or nickel-copper alloys 
in power plants are given in “Alloys 
for Heat Exchange Problems” from 
International Nickel Co. When water 
is polluted, brackish, or excessively 
a these alloys get the tough 
jobs. 


(57) GEAR DRIVES: In-line helical 
gear drives are shown in the 16-page 
booklet 2651 from Link-Belt Co. 
Given are load classes for more than 
250 applications, overhung load rat- 
ings and dimension tables, instruc- 
tion for proper selection and cut- 
away views of both double and 
triple reduction drives. 


(58) DETACHABLE BITS: Bulletin 
RD 29 from Cleveland Rock Drill 
Div. covers detachable drill bits. 
Drawings and photographs illustrate 
simplicity of attachment, steeper 
reaming angle, thinner and stronger 
wings, and other features that make 
for “rock drilling economy.” 


(59) WATER PUMPS: Catalog A-155 
from C. H. Wheeler Mfg. Co. is an 
8-page booklet on Wheeler-Economy 
medium and high head pumps. Con- 
struction details are supplemented 
by photographs of units in service 
and cross section diagrams. 


Highway Widening Jobs Need Not Obstruct Traffic 


Contractors can take highway widening jobs without build- 
ing bypass roads to carry traffic. 

The busy highway shown above is being widened from two 
lanes to four lanes using the method described at left. 

The problem was solved by keeping the trucks and excavat- 
ing equipment off the highway so that it remained open for 
traffic except at intervals when shooting was necessary. 

The Eimco 105 Tractor-Excavator was ideally suited to this 
type of job. It loads large trucks full from the end and cleans up 
the big boulders quickly. With the Eimco operating in a straight 
line, forward to dig and load and reverse, with the bucket 
moving overhead, to discharge. 

Digging in dirt and consolidated material can often be 

ie accomplished without blasting the material at all. The Eimco 105 

After a. eG y will load in dirt at the rate of 10 yards per minute and in rock 

spills pony ool es y the rate of loading is 6-7'2 yards per minute depending on the 

Eimcos are heavy-duty machines built to handle the toughest 
kind of jobs. They can apply more thrust force at the digging 
lip than larger equipment costing several times as much. 

Write for complete information on Eimco 105 Tractors. 


CORPORATION | 


Export Offices: Eimco Bidg., 52 South St., New York City 
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Longer Life and money-saving performance come from abrasive solids. Here is one of many Wilfley Model “K” 


the Ni-Hard parts of Wilfley equipment used to pump 


pumps that handle slurry for leading ore producers. 


Wilfley + Ni-Hard 
=longer life for pumping abrasives 


A. R. WILFLEY & Sons, INC., Denver, 
Colo., is recognized as a pioneer and 
leading manufacturer of centrifugal 
sand pumps. Always noted for good 
service, Wilfley pumps have provided 
in recent years still longer life with 
Ni-Hard* nickel-chromium white 
iron for parts subject to abrasive 
wear. 

Performance records of Wilfley 
pumps operating under the severest 
conditions prove that Ni-Hard cast- 
*Rewistered trademark. 


ings provide maximum resistance to 
abrasion from solids. This is the key 
to high output, low-cost pumping. 


To Wilfley customers, Ni-Hard 
parts mean a substantial bonus ton- 
nage of solids pumped between 
changes. Use of Ni-Hard iron can 
cut your costs and add to your equip- 
ment life. 


Specify Ni-Hard, an abrasion- 
resisting iron, for pumping parts on 
new and replacement units. 


Wilfley pump components cast of Ni- 
Hard nickel-chromium white iron as- 
sure long life and low-cost pumping no 
matter how abrasive the solids handled. 


67 Wall Street 


THE INTERNATIONAL NICKEL COMPANY, INC. vou 
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Monticello, Utah, Uranium Mill has New Operator 


On April 1 the National Lead Co. took over the operation of the Gov- 
ernment owned uranium processing mill at Monticello, Utah, from the 
Galigher Co. of Salt Lake City. National Lead is already a contract 
operator of the AEC’s raw materials development laboratory at Win- 
chester, Mass., and the ore testing pilot plant at Grand Junction, Colo. 
Also effective April 1, the AEC has announced new buying schedules 
for uranium ores containing more than 6 pct lime at the ore buying 
stations at Moab and Monticello, Utah. The new schedules are made 
possible by the development of carbonate leaching processes which are 
in operation or are anticipated at these two plants. 


Injury Rate from Falls of Ground Decreases 


From 250 mines participating in the International Campaign for the 
Prevention of Falls of Ground Accidents, the National Safety Council 
reports a 29 pct reduction in deaths and injuries due to falls of ground 
during 1955. Based upon what might have been expected from past 
experience, an estimated 260 injuries, including some 15 permanent 
disabilities and fatalities, were prevented. 


The Steel Co. of Canada Expands Pelletizing Operations 


At The Bristol Mines, recently renamed The Hilton Mines, a contract 
for the construction of a crushing, milling, and pelletizing plant has 
been let to The Foundation Co. of Canada Ltd. The property, located 
in the Province of Quebec near the Ottawa River, is jointly owned by 
Stelco, Pickands Mather & Co., and Jones & Laughlin Steel Corp. Using 
a process developed by Pickands Mather at the Erie Mining taconite 
project at Aurora, Minn., the mines are expected to produce some 
600,000 tons of pellets per year by 1957. At the same time, Stelco is 
receiving pelletized iron concentrate from the International Nickel 
refinery at Copper Cliff, Ont. The pellets will be used in the open 
hearths at Stelco’s Hamilton Works, Ontario. 


1955 U. S. Iron Ore Imports at Record Level 


With U. S. iron ore imports continually on the increase, almost every 
recent year has surpassed previous import records. The 1955 ore im- 
ports are reported to have been 23.4 million gross tons, almost 10 million 
tons more than 1954. Canada accounted for 10.1 million tons, and other 
important sources of iron ore were Venezuela with 7.1 million tons; 
Chile with 1.1; Peru with 1.6; Sweden with 1.2; Brazil with 1.0; and 
Liberia with 0.9 


U. S. Mined Gold Production Drops in January 


While the U. S. mine production of recoverable gold dropped 9 pct 
during January 1956 compared with December 1955, the states of Ari- 
zona, Colorado, and Idaho showed increases of 23, 7, and 13 pet re- 
spectively. A substantial factor in the rise of Arizona was the first 
output of copper ore with gold values from the San Manuel Copper Corp. 
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How the new CAT” No. 12 helps smooth your way to 


LOWER-COST PRODUCTION 


F & S Contracting Company of Butte, Mont., “sold” 
themselves this Caterpillar No. 12 Motor Grader be- 
cause of their previous, extensive experience with 
Caterpillar equipment. Their new No. 12 racked up 
more than 550 hours during its first two months on the 
job. It maintains the haul road for a large Montana 
mining company. 


Like all Caterpillar Motor Graders, the No. 12 is 
built—not just assembled—by a single manufacturer. 
This means traditional Caterpillar quality and rugged- 
ness, through and through. It means that engine, blade 
capacity and working speed are carefully matched for 
And it 


means a single source for skilled service and parts you 


sure-footed traction and high work output. 


ean trust: your dependable Caterpillar Dealer, 


And now the Caterpillar No. 12 Motor Grader has 
important new features for even longer work life at 
even lower operating cost: 


New tubeless tires—available at no extra cost. 
Tubeless tires eliminate an estimated 80% of down 


time caused by tire trouble. They run cooler, last 
longer, give better puncture and blowout protection, 
and are easier to service than ordinary tires. 


Long-lasting oil clutch—can give you 1500 hours 
without clutch adjustment. Clutch fade is greatly re- 
duced, and facings, which are bathed in oil, wear an 
average of only 2'% thousandths of an inch per 1000 
hours of operation. 


Your Caterpillar Dealer will demonstrate the fast- 
acting, non-creep mechanical controls, unexcelled oper- 
ator visibility, quick-change blade positioning and 
other features that make Caterpillar Motor Graders do 
more work at less cost than any other graders. Why 
not call him today? 


Caterpillar Tractor Co., Peoria, Illinois, U.S.A. 


CATERPILLAR’ 


and Cat are Registered Trademarks of Co. 


‘ | 
oF att 
cat MOTOR gravers 
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lron Mountain Titanium Metals Expands 


Durango, Mexico Sponge Production 
National Lead Co. and Allegheny 


Ludlum Steel Corp. recently an- 
nounced plans for a 67 pct expansion 
of sponge production at the jointly 
owned Titanium Metals Corp. of 
America plant at Henderson, Nev. 
The new titanium capacity is expect- 
ed to come on stream in tate 1956 
and will raise the output of this 
plant from 3600 to 6000 tons per 
year. At the same time, ingot-melt- 
ing facilities will be expanded to 
meet the additional production 

The new facilities will be con- 
structed independent of government 
contractual guarantees. In 1950 


‘ TMCA, assisted by a government 

A mass of hematite 200 ft wide extending for nearly a mile, El Cerro del Mercado is loan of $15 million, began conver- 

estimated to be worth $5 billion. The deposit is 700 ft high and contains approxi- sion of part of the former basic mag- 
mately 600 million tons. nesium plant at Henderson and in- 


stalled facilities for the production 


Titanium ore is charged into top of 
chlorinator at Henderson, plant. 


of titanium. Output of sponge metal 
rose from 1 tpd in 1951 to the pres- 
ent rate of 10 tpd, first reached in 
September 1954 

Improved production techniques 
and steady operation at full capacity 
enabled TMCA to make price reduc- 
tions in 1955 totaling 23 pct for 
sponge and 19 pet for mill products 
This downward trend in prices has 
stimulated demand, the result being 
that output is now booked into the 
third quarter. The even heavier cus- 
tomer demands, expected late in the 
year, will be met by the increased 


capacity. 
A Cat No. 6 Traxcavator works the mountain for Cia. Fierro del Norte, $. A. dumping Titanium ingots produced at Hen- 
1000 tpd into trucks which corry the ore to a railway. Three companies mine the derson are processed in Allegheny 


mound of ore. It averages 60 to 67 pct Fe. (Continued on page 360) 
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Nearby Durango, capital of Durango, Mexico, has changed little from colonial times. = S , 
thy 
—— 


> Protection requirements vary. That’s why 
Allis-Chalmers control is recommended and ap- 
plied with expert, personal attention to the specific 
problem at hand. For example, the starter’ illus- 
trated is custom-engineered to control a 1000-hp, 
2300-volt synchronous motor driving a ball mill. 
Its protection features not only meet regular oper- 
ating requirements but also handle unusual emergency 
conditions. These features include: 


@ Current-Limiting Fuses ll 
@ Thermal Overload Relays — Optional Features: 


@ Squirrel-Cage Protective Relay Exciter voltage relay to prevent starting 


@ Time-Del when excitation voltage is not available; dc 
ay Undervoltage Relay field failure relay to shut down motor on 
@ Polarized Field Application Relay field current failure; instantaneous phase 


For complete information, see your A-C representative or write reversal and open phase; inching control 
Allis-Chalmers, Milwaukee 1, Wisconsin. for positioning mill. 


ALLIS-CHALMERS 
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BUBBLE 
MEETS 


MINE RAL , Speed up this 
underwater pickup 
and your profits climb! 


—selectively float higher concentrations 
in less time for as little as 7¢ per ton! 


Amblygonite + Barite + Beryl + Cement Rock 
Chromite Feidspar Fluorspaz * Hematite « limenite 
Kaolinite * Manganese * Mico * Phosphate * Potash 

Salt + Scheelite Silica Spodumene Syenite 
The coating reaction between an Armour flotation reagent petibencepaes 
and the specific mineral you want is instantaneous. The 4 
Armour-treated minerals then attach quickly and firmly 
to rising air bubbles. As a result, you achieve a higher per- which you are interested and send this coupon 
centage of mineral recovery —along with increased through- to the address below, today. 
put. You use less equipment, too, because the sharp selec- 
tivity of Armour cationic flotation reagents enables you 
to recover minerals without using an extra cleaner flotation 
step. And you can float the minerals from one ton of ore aes 
for as little as 7¢! 

Armour produces a wide range of both cationic and 
anionic flotation reagents. For information and samples, 
send the coupon at right. Or write us, if you have a 
specific separation problem. Whether you want to float 
your minerals to concentrate them or reject them, we can 
suggest an Armour flotation reagent which will float more 
of the exact minerals you want one by one—in less time 
and at less cost. “~ 


Th 


bor test samples and information on how Armour 


Name 


Firm 


& 


Address 
City 


TTTITITITITT 


ARMOUR 
e Specialists in Flotation Chemicals CHEMICAL 
DIVISION 


© Armour and Company, 1355 W. 31st., Chicage 9, ill, 


APRIL 1956, MINING ENGINEERING—359 


Armour flotation reagents compel ee eee 
the fastest attachments known PROVEN SEPARATIONS 

_ 


Titanium Metals Corp. of America plant 
in Henderson, Nev. Titanium ingots pro- 
duced here are processed in Allegheny 


Ludlum plants into mill products for 
TMCA. The expansion program for 
titanium ingots for this year will 
necessitate an increase in the pro- 
duction of finished mill products. 
New installations of auxiliary proc- 
essing equipment will be required in 
the finishing mills to permit process- 
ing of the new production of ingots. 

There has been a rise in non-mili- 
tary requirements for titanium, 
which is an extremely strong, light, 
and corrosion-resistant engineering 
metal. These diverse uses are ex- 
pected to expand even more rapidly 
in the future. 

In military applications, titanium 


Earthmover Speeds 
Mine Waste Disposal 


The problem of disposing of a 
sticky wet slag waste from a large 
Pennsylvania coal mine was solved 
through a novel use of earthmoving 
scrapers. DeBaldo Bros. of Glen- 
shaw, Pa. contracted to dump waste 
at a rate of 1500 to 2000 tpd. 

Scrapers were chosen for the work 
because they have a speed of over 
25 mph and their low-pressure tires 
provide flotation to allow trouble- 
free operation on the soft waste 
dump. Easily maneuvered, the ma- 


Ludium plant. 


is used primarily in jet aircraft and 
engines and in missiles. 


Only S-D Automatics give 
you these 3 advantages... 


chines offer quick loading and large 
capacity. 

Immediate spreading of the slag 
quickens drying and good footing 
adds up to more trips from hopper to 
dump. Depth of the spread can be 
controlled and the area kept level 
without the use of a tractor dozer. 
With a year of experience behind 
them, the operators have found the 
method economical. 


Safety 
Sealed 


AGAINST DUST 
LEAKAGE 


THESE BOTTOM DUMPING cars dump and re-close automatically 
on-the-move, without extra labor, into any size surge bin. Such 
important features as one-quarter to one-half ton more capacity per 
car for the same overall dimensions are available only in S-D Auto- 
matics because of the construction advantages of our exclusive 
bottom dumping car design, Many are in operation in metal and 
non-metallic mines. It will pay you to investigate them. Also ask 
about our 8-D Rotary, S-D Granby, S-D Rocker and other types 
Sanford-Day cars for replacement requirements, SANFORD-DAY 
IRON WORKS, Inc., P. O. Box 1511... Telephone 3-4191, Knox- 

ville, Tennessee U.S.A. 


“SUPER MARKET FOR MINE CARS" — all types * PRECISION WHEELS * “BROWNIE” 
HOISTS, CAR RETARDERS, SPOTTERS, PUMPS AND OlL SPRAY SYSTEMS * GISMO es 
SELF-LOADING TRANSPORT that loads (mucks) in development or production . . . Grader maintains the 0.8 mile long 
transports . . . supports 2 to 5 jib mounted drills... back fills . . . moves road. LOWER: At the dump, the 
boulder rocks . . . makes its own roadways and cleans up completely — a new scrapers spread load in even layers 
method of hard rock mining offering a reduction in cost per ton! while on the run. 


UPPER: A scraper pulls out with waste 
load as another circles into position. 
Operators handle loading themselves, 
using dump control after dismounting. 
CENTER: Two Model C. LeTourneau- 
Westinghouse scrapers do the hauling, 
while a@ Model 440 Adams Motor 
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EIMCO AGIDISCS REDUCE MOISTURE IN COPPER CONCENTRATE 


Recent installations of Eimco Agidisc Filters show the 
superiority of this equipment in dewatering metallurgical 

niformity of cake formation produces higher tonnages concentrates. 

‘ . at lower moisture One installation on a copper concentrate with an 80% 
minus 326 mesh feed has been dewatered to a moisture 
content of approximately 12%. This installation will pro- 
duce approximately 260 Ibs. per square foot per hour when 
it is in full operation. 

The Agidisc provides a smooth, evenly distributed cake 
on the sectors. The cake moistures are even over the sur- 
face of the disc because the particle sizes are evenly dis- 
tributed. On the Agidisc you completely eliminate (1) thin 
feathered edges of cakes near the sector bell, (2) heavy, 
soggy classification rings near the periphery of the sector. 
(3) Classified materials in special belts around the sectors 
as per particle size, (4) scrubbing media in or through 
channels cut in fast settling slurry deposits in the bottom 
of the filter tank. 


Only Eimco makes the Agidise — Investigate the extra 
a | .~ x 7 values of using this filter on your dewatering problems. 


THE EIMCO CORPORATION 
Salt Lake City, Uteh—U.S.A. . Export Offices: Eimco Bidg., 52 South St., New York City 


Mew York, MY. Chicage, ll. Sen Francisce, Calf, Paso, Tex. Ble Duluth Minn Bettimere Mid Pe 
Pesedena Calif bHevsten lene: Ven 8. C. Londen, Ge England Paris Miter Lovth Atree 
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In 1952, an underground copper mine operator pur- 
chased two Joy rubber-tired, self-propelled Drill- 
mobiles and two crawler-mounted jumbos of another 
make. Since then, this operator has standardized with 
the purchase of 20 additional Joy Drillmobiles. Here's 
why— 


MOBILITY—To get high production in low-grade 
copper ore, this operator needed extremely mobile, 
highly maneuverable equipment. He got it in the fast- 
tramming Joy Drillmobile with tractor-type steering 
that makes it possible to turn around within its own 
length, to get into the tightest drilling locations and 
around short curves. 


VERSATILITY —Drilling 32’ wide drifts in a highly 
faulted ore body, where room height at times gets 
down to six feet, was no problem for the Joy Drill- 
mobile. Mounting two extensible Hydro Drill Jibs 
with 12’ long chain feeds, it was low enough to get 
into the lowest drifts and yet could drill horizontal 
holes at a height of 18’. The wide-spreading jibs per- 
mitted drilling the wide drifts from one set-up. 


Consult o oy 


For AIR COMPRESSORS, ROCK DRILLS, CORE DRILLS, 
HOISTS ond SLUSHERS, MINE FANS and BLOWERS 
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JOY DRILLMOBILES 


FASTER DRILLING—Air-hydraulic controls on the 
Joy Drillmobiles, featuring power-lift and power- 
swing, gave fast easy drill positioning. Drilling speed 
of the Joy T-350 Drifters mounted on the jibs was 
16% faster than the drills on the other machines. 


LOW UPKEEP COSTS — Maintenance costs for the 
Drillmobile including the Joy Drifters, at 1% cents 
per ton, were considerably lower than the cost for 
the other machine and drifters. 


The versatility of the Joy Drillmobile and the variety 
of models available makes it applicable to your mining 
plan. Write for more information today. @ Joy Man- 
ufacturing Company, Oliver Building, Pittsburgh 22, Pa. 
In Canada; Joy Manufacturing Company (Canada) 
Limited, Galt, Ontario. 


Write for FREE Bulletin 21-7 


WORLD'S LARGEST MANUFACTURER OF 
UNDERGROUND MINING EQUIPMENT 
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EXTRA-TOUGH going calls for 
extra-tough AMSCO DIPPERS...with Renewable Lip 


On the Iron Range and in the Cop- 
per Mines, demands on dippers 
are really tough. And that’s where 
Amsco Manganese Steel Dippers 
have proved they can “take it”... in 
years of rough use. 

Amsco Renewable Lip Dippers are 
particular favorites here. For when 
the lip eventually wears out, this easi- 
ly changed unit cuts “repair-time”’ to 
one-tenth that required for change- 
over of conventional designs. 

The lip sides overlap and fit snugly 
into sockets in the back casting. 
Lugs on lip fit into slots in front 


casting and are secured by forged, 
split keys. Sturdy U-bolts fasten 
lip to back casting, pulling it tight- 
ly to dipper when double nuts are 
screwed down. The result is one- 
piece rigidity and strength, free of 
play in any direction. 

You save two ways: first, through 
the extra-long service life of Amsco 
Manganese Steel Dippers; second, 
through quick and easy replacement 
of the Renewable Lip. 

See your shovel manufacturer for 
full information on Amsco Dippers, 
or write us direct. 


American Manganese Stee! Division - Chicago Heights, 
OTHER PLANTS 


IN, DENVER. LOS ANGELES. NEW CASTLE. CELAWARE OCARLAND BT LOUIS JOLIETTE 
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Copper Capacity Seen 
15 Pct Higher by 1958 


Capacity of the free world’s cop- 
per mines will reach 3.386 million 
short tons by 1958, according to a 
recent study by the Copper & Brass 
Research Assoc. The increased capa- 
city will be 15.7 pet greater than the 

| 2,928 million tons of 1955. The sur- 
| vey covered existing copper mines 
with expansion projects under way, 
and new properties coming into pro- 
duction during the next three years. 

Completion of some major post- 
war mining projects has already 
added substantially to production 

| outside the Iron Curtain, and even 
Yuba designed this screen for long life, mini t Inner | higher outputs are anticipated in 
and outer screens easily renewed. Can be lubricated from outside. coming months. The CABRA survey 
indicates increased capacities in the 
| U. S., Canada, Africa, and Chile—all 
VY- | major copper producing areas. 
HEA DUTY SCREENS In the U. S. alone, 148,000 short 


MADE TO FIT YOUR NEEDS tons of new capacity will have been 


added by 1958. This represents an 


Flat or revolving * long-wearing increase of 13.6 pct over 1955. The 
| Bureau of Mines has already an- 
non-clogging ¥ competitively priced | nounced that output of recoverable 


copper in the U. S. rose 19 pct last 
year over the previous year despite 


—order from VuUBA strikes during July and August. 
Colorado School of Mines’ 


For example — this double-jacketed screen, 35’ long and 8’ in 


aa 

diameter, washes and screens three sizes of sand simultaneously. Horizon Plan 
Yuba-built screen plates are made from Abrasion Resisting Steel A multi-million dollar fund-raising 
plates with a hardness ranging up to 250 Brinnell. This is a high plan directed toward the future de- 
carbon, high manganese alloy steel produced especially for screen- velopment of the Colorado School of 
ing purposes. In many places, screens of this tough, abrasion re- Mines was announced in February. 
sisting steel last twice as long as ordinary screens. Naturally, this The aim of the program, designated 
sed d time and repl ert , the “Horizon Plan,” is expansion and 
; a continued strengthening of aca- 
Yuba taper-drills screen holes to prevent clogging (unless you demic standards in order to prepare 
request straight sides). Holes can be as small as 3/16” diameter; for the increasing need for mineral 
closely spaced for screening monazite sands and other rare earths. een W Vanderwil ssid ‘ 
Thicknesses from 3/16”; length, diameter and other dimensions to ohn W. Vanderwilt, president o 
. the college, pointed to the U. S. con- 
suit your needs. Yuba screen plates are rolled true and cut square sumption in 1980 of 390 million tons 
to close limits insuring proper fit and fast installation. 


of metallic ores and 1100 million tons 

Yubo stocks abrasion resisting steel in many thicknesses, usually | of fuel, and estimated that by 1975 
can make prompt delivery. Try long-wearing, non-clogging Yuba this consumption would be increased 
screens now. For estimates, send screen details, hole sizes and by 50 to 100 pet. The president stated 


r “ that the school must have non-state 
spacing. No obligation. Wire, write or phone TODAY. support in order to “grow in quality 


while at the same time doing its 
share to cope with the rising tide of 


| students.” 
Goals of over $20 million in capital 
Yuba-built Olsen trommel increases screen | funds and $450,000 in annual funds 
capacity as much as 25%, by converting have been set to augment state sup- 


lower end blank shell plates into screening 


port of the school. In addition to 
area... does not increase screen length. 


funds to increase faculty salaries, 
distinguished teachers are expected 
to be drawn to the school through 
provisions for research. 

A well-planned scholarship and 
fellowship program was also stressed 
to tap the potential source of engi- 
neers withheld only because of eco- 
nomic necessity. 

Broad participation in the “Hori- 
zon Plan” was urged. “Society as a 


VUBA MANUFACTURING to whole will benefit,” the president 


stated, “from having a continuing 
Room 601, 351 Californie $1., Sen Frencisce 4, Celifornia, U. $. A. supply of mineral engineers to help 


SIME, GAREY OG., LTO. * SINGAPORE, KUALA LUMPUR, POHANG. 
"8 DARGY & LTO., 14 & 19 LEADEMMALL ST., LONDON, provide the minerals, metals, and 
YUBAMAN, Sam SHAWDARBCO, fuels necessary for human progress. 
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Outstanding new efficiency can be 
brought to settling and filtration oper- 
ations. That’s the reason for the 
soaring demand for Separan* 2610, 
Exciting case histories are piling up. 


One Thickener for Five 

One uranium ore processor was able 
to eliminate four of his five thickeners 
with the addition of Separan 2610, 
Two banks of filters and several earthen 
yonds were also no longer needed, 
Ihe savings? Nearly $3000 per day. 
In another uranium mill, production 
was at 50% of. capacity due to low 
filtration rates. But when 0.2 pound of 
Separan 2610 per ton was added, the 
filtration rate doubled—and so did 
production! 


Settling Faster, Filtration Better 
The advantages of using Separan 2610 
are numerous. Overhead clarity is in- 


A typical mining operation using Separan 2610 to obtain uniform and rapid liquid-ore separations. 


creased, materials lost in overflow de- 
creased, In filtration, this synthetic 
non-ionic polymer increases cake 
weight per unit area of filter and re- 
duces moisture content. Washability 
is increased, the cake is more homog- 
enous and easier to handle. 


Dow Xanthates—Dowfroth 250 
Separan 2610 is the latest addition to 
the Dow family of chemicals for min- 
ing. Dow Xanthates, the collectors to 
use in all flotation of sulfide minerals, 
and Dowfroth® 250, the frother for 
improved metallurgy with reduced 
frother consumption, are two other 
well-known Dow mining chemicals. For 
a sample or information on any of 
these products write to THE DOW CHEM- 
ICAL COMPANY, TECHNICAL SERVICE AND 
DEVELOPMENT, Midland, Mich., Dept. 
SC9I20C, "Trademark 


you can depend on DOW CHEMICALS 


FLOCCULATING POWER, EASE OF USE, ECONOMY, 
CREATE BIG DEMAND FOR SEPARAN 2610 


eu“ 


New Disperser has been devel- 
oped by Dow to permit dissolving 
of large amounts of Separan 2610 
without use of a mechanical mixer. 
The solution needs no preservative 


in normal storage or use. 
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MORE URANIUM 


NUCLEAR POWER IMPORT TAX 


ORE uranium, beryllium, lithium, and man- 

ganese in usable supply is the claim for a new 
electric arc process. A high intensity arc device in 
a metallurgical application uses sun temperatures to 
break down compounds that give poor metal yields 
under the usual extraction methods. 

Temperatures ranging from 13,000° to 18,000°F 
are attained by bombarding an ore target with an 
electron stream of such unusually high intensity 
that it results in vaporization of even the most heat 
resistant and unmanageable materials. Ores that 
have only recently assumed importance because of 
nuclear and jet-age needs have often not been 
economically decomposed on a tonnage basis by the 
complicated methods of the analytical chemist. 
Under the new process, ores like spodumene, eux- 
enite, and beryl, can be decomposed to metallic 
oxides and then selectively dissolved or separated 
by economical physical means proponents of the 
process claim. 

In the high intensiy are an electronic log-jam 
occurs and the negative space charge produces a 
concentration of energy such that the temperature 
exceeds the boiling point of the material. The re- 
sultant vapor is ionized, and this vapor jet stream 
can be deflected and accelerated by electromagnetic 
fields to effect mass separations of desired material. 
To a degree, the high intensity are reverses the 
chemical reactions that produced the earth’s com- 
position. 


UCLEAR power holds the promise of a tomor- 

row fulfilling the dreams of the most optimis- 
tically minded. But a “prime bottleneck” in the 
achievement of efficient and low-cost power lies in 
the inability of available materials to function ade- 
quately, according to Stanley B. Roboff, manager 
of industrial coordination for the Atomic Energy 
Div. of Sylvania Electric Products Inc. 

At the 1956 AIME Annual Meeting Mr. Roboff 
said, “Progress in nuclear power plants from here 
on will be just as fast, and only as fast, as we can 
develop new and better materials for use in these 
reactors. .. . It is in the area of nuciear fuels that 
some of the greatest strides forward in nuclear 
power can be achieved.” He noted that there is not 
much choice in selecting fuel materials, since a 
fissionable material, either uranium or plutonium, 
must be used in some manner. To obtain the higher 
thermal efficiencies that will be necessary to pro- 
duce low-cost nuclear power, nuclear reactors must 
be operated at higher temperatures than are pos- 
sible at present, Fuel elements are more likely to 
undergo physical disintegration and suffer dimen- 
sional instability than other components. “One of 
the toughest problems and greatest challenges now 
facing the materials engineer,” said Mr. Roboff, “is 
the development of new fuel forms capable of oper- 
ating at extreme temperature levels.” 
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In addition to better fuels, Mr. Roboff cited five 
other “major advances in materials developments 
which must be made in order for nuclear power to 
become really attractive and generally available.” 
These included: the reduction of cost of certain 
important reactor materials such as zirconium, be- 
ryllium, and heavy water; development of new re- 
actor materials capable of withstanding severe cor- 
rosion conditions and high-temperature ranges; 
new forms of moderating materials so that moder- 
ation of neutron velocities can be achieved in 
smaller volumes; new and better shielding aggre- 
gates, especially for package power and mobile re- 
actors to lessen their weight and increase their use- 
fulness in confined spaces; and development of a 
low-cost fuel recovery process. 


OMESTIC mining problems are not being solved 
by the current stockpiling program—merely con- 
cealed temporarily—according to Andrew Fletcher, 
president of St. Joseph Lead Co. He pointed out re- 
cently that a “chief objective is to develop a long- 
range program that will protect domestic miners 
against ruinous floods of unneeded imported metals.”’ 
While we must depend on imports to a certain ex- 
tent, he says, the home producer must be protected 
in the best interests of the consumer and the nation. 
“The domestic mining industry is faced with the 
unpalatable fact that metals and minerals can, in 
general, be produced for sale more cheaply outside 
the United States than inside,” said Mr. Fletcher. 
But when a consumer buys at these cheaper markets 
an unhealthy condition is produced. “Production of 
metals would be stimulated abroad, and, in time, 
because of higher costs would decline in the United 
States. .. Only the lowest-cost producers could sur- 
vive. Mining’s labor force, as well as its ‘know-how’ 
would decline, and the domestic industry's custom- 
ary markets would disappear except for those last 
few producers ... Demand for metals . . . would in- 
evitably rise beyond the capacity of foreign pro- 
ducers. . . Industrial growth . . . will be enough to 
bring it about.” The situation then, says Fletcher, 
would cause a search for domestic production again 
and necessary levels of production would not 
be reached for some time because of the long dor- 
mant period. The need, then, is for a solution of the 
disparity in domestic and foreign costs. It might be 
solved by a moderate tariff increase, but politically 
the tariff increase is not in favor. Further, he says, 
subsidies are objectionable since they can lead to 
stockpiling of surplus metals; they burden the tax- 
payer; and they lead to government control of prices 
and production. Quotas are deemed impractical be- 
cause they “would be adjusted either too much, too 
little, or too late.” 
The solution advocated by Fletcher is an import 
tax. The tax “would be applied automatically to 
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PATENT DELAYS 


RESEARCH IS AN INDUSTRY 


TRENDS 


imported metals whenever the domestic price for a 
calendar month averaged lower than a certain base 


level . . . There would be a tendency to end the 
boom-and-bust cycles of the last decade . . . Con- 
sumers ... would enjoy a steadier and more reliable 


source of metals in a flourishing domestic mining 
industry that would not, like the foreign producers, 
be inclined to seek the better markets. . . The import 
tax is a way of minimizing the inconvenience to 
other nations while we protect an essential industry 
of our cwn.” The solution is claimed effective, auto- 
matic, and fair. Its feasibility is left to the action of 
the industry. 


MERICAN industry is facing long delays in ob- 
taining patent cov-rage for products and proc- 
esses, according to reports made at a recent meeting 
of the New York Patent Law Assn. The delays stem 
from the great increase in the number of patent 
applications filed during the past few years. This 
flood of inventions has stretched the average prose- 
cution time per patent to three and one-half years. 
The association points out that the only way to 
reduce these delays is to employ new patent exam- 
iners to pass upon the backlog of applications piling 
up in almost every technical field. There are imme- 
diate openings for engineers and scientists who can 
accept appointments in Washington now. 

Examiners pass upon applications through a study 
of issued patents and related scientific literature, and 
are in touch with the latest developments. The job 
offers opportunities for rapid advancement within 
the Patent Office. Washington also offers a chance to 
carry on graduate studies at the same time. 

Salaries for examiners start at $4345 a year, and 
it is possible to reach a salary of $7570 in five and 
one-half years, with salaries in excess of $13,000 
available. Liberal vacations and fringe benefits are 
also offered. 

Engineers and scientists holding a college degree 
in engineering or applied science, or a degree with a 
major in chemistry or physics, or with certain com- 
bined credits in these fields, are eligible for appoint- 
ment as patent examiners, without examination, up- 
on application to the Commissioner of Patents in 
Washington, D. C. 


ge the country’s overall research bill ex- 
ceeds $4 billion and this task occupies over 
400,000 people according to best estimates. In 1930 
all industry in the U. S. was not spending more than 
$200 to $400 million on industrial research. Speak- 
ing on the “Future for Industrial Research,” E. D. 
Reeves, executive vice president of Esso Research & 
Engineering Co., points out that only part of this 10 
to 20-fold expansion can be charged up to inflation. 


In fact, as he points out, research as an industry is 
not much more than 25 years old, and that 1930 
effort was “indeed small.” 

Just how large is this $4-billion industry called 
research? In size it exceeds rubber manufacturing, 
the combined manufacturing activities of the petro- 
leum and coal industries, and the furniture industry. 
Even giants such as the manufacture of electrical 
machinery and the chemical industry are only twice 
the size of research today. And, it is still growing by 
leaps and bounds. 

Looking back to the 1930's Mr. Reeves draws this 
picture: “Application of research results to operating 
problems was almost accidental but very profitable 
when it occurred. Research in many companies was 
often carried out mostly because a top executive be- 
lieved in it and the research organization operated 
as part of his personal staff. There were even a 
number of occasions in which the disappearance of 
the executive who supported research resulted in its 
disappearance as well.” 

“Research today in a great many companies is 
regarded as an operating department. It is recog- 
nized as a continuing and necessary part of opera- 
tions, and it is generally well understood by the rest 
of the organization.” 

In reviewing the changes that have come about 
in the shift in stature described above, Mr. Reeves 
envisions a research director of the early 1930's 
transplanted to the present scene: “The first thing 
that he might notice would be the preoccupation of 
research management with overall company prob- 
lems. . . The next thing that might catch his eye 
would be the use of highly organized teams to solve 
all sorts of scientific and technological problems with 
many skills focused on a particular project so that 
each individual scientist could benefit from the 
specialized knowledge of his teammates. .. Next... 
he would see people throughout the organization 
busily engaged in translating research results into 
commercial technology and seeing that it was under- 
stood and used by the company.” 

“Everywhere (our hypothetical research director 
of the 1930's) would have the uneasy feeling . . . that 
he was not in the research department at all but had 
stumbled into the offices and manufacturing depart- 
ment of an industrial company engaged in turning 
out some new sort of product. In this conclusion he 
would have been correct, for that is just what a 
modern industrial research organization is today.” 

He concludes, “I see a new kind of industry which 
produces technology as a highly competitive busi- 
ness activity.” 


CORRECTION: Geophysics and Geochemistry, 
February issue, page 174. The picture which 
appears at the head of the article is credited to 
Aero Service Corp. The photograph is a Canso 
airplane, which is owned and operated by Aero- 
magnetic Surveys Ltd., Toronto. 
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Load Trucks Faster 


Eimco 630 crawler loaders speed up the mucking cycle 
underground because they can load trucks or other haulage 
equipment from any angie at an average speed of three 

Wooster tons per minute. 
The 630 provides new flexibility underground with 
crawler and rubber tired equipment operating in trackless 
630 Looder headings. The 630 is also ideal for drawpoint loading in 

mines where track haulage is already operating. 
Spreading fill or pushing broken rock in big stopes pro- 
vides an ideal situation for the 630 with bulldozer attach- 
ment. 

All of these applications make use of the Eimco 630 
which is a heavy-duty air or electric powered unit providing 
maximum production efficiency with minimum cost in main- 
tenance and operation. 

The 630 is the answer to dependable trackless mining. 
An Eimco engineer will answer any questions you may 
have about this machine and arrange for you to see the 
630 in operation. 


THE EIMCO CORPORATION 
Salt Lake City, Utch—U.S.A. 6 — Export Offices: Eimco Bldg., 52 South St., New York City 


Now York, N.Y. Chicage, ill. Sen Prancisce, Calif. Pose, Tox. Ale Ovivth, Minn ide. Baltimore, Md Pittsburgh Pe Seattle, Wesh. 
Pesedene, Coll Heveten, Vencovver London. Porte Johannesburg. South Africa 


630 Buildozer 
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AEROFLOCG Reagents 


Efficient and Easy to Use 


for Improved Settling and Filtration 
by Powerful Flocculation at any pH. 


UNFLOCCULATED SLIMES 


‘a 
Perhaps you've already heard how effectively 
Reagents speed up and improve complete settling of con- gt > 
centrates, tailings or leach residues—thus conserving values wh 
in thickener overflow and reducing solids in plant eluent. ‘ 

Perhaps you've already seen data on how Re- 
agents increase filtration rates, make filter cakes firmer and ; 


x 


more porous, reduce blinding of filter cloth, aid washing. i 
But did you know that AERorLoc Reagents MICRON 


Are effective at very low concentrations—0.1 to 5 
ppm, or 0.01 to 0.1 Ib. per ton dry solids. ~ 
Are water soluble with simple agitation, requiring AFTER ADDING AEROFLOC REAGENTS 
a minimum of labor for mixing and feeding. 


VW Require no elaborate feeding equipment. 


SY Can be added wherever plant tests show best re- 
sults. Stagewise addition usually not necessary. 


Three Acror_oc Reagents—#548, 552 and 3000—are now 
available. You should test all three to determine which is 
most efficient on your mill. We'll be glad to provide samples 
for bench tests and the services of a Cyanamid Field Engi- 
neer to work with you on plant tests. The handy coupon is 
for your convenience. 

Please send me samples. (1) 


I would like to settle [) filter [ 


AMERICAN CYANAMID COMPANY 


MINERAL DRESSING DEPARTMENT 
30 ROCKEFELLER PLAZA, NEW YORK 20. NEW YORK 


CYANAMID 


$7 
[AT x] haw ‘4 
MICRONS 
150 
» 
_§ 
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Shovel-loading 
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Crude Sulphur 


for Industrial Use 


the 


Texas Gulf Sulphur Co. 


75 East 45th Street + New York 17, N. Y. 


NEWGULF, TEXAS 
MOSS BLUFF, TEXAS 
SPINDLETOP, TEXAS 
WORLAND, WYOMING 
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The Akins Classifier was originally developed, 
in 1908, for use in closed circuit with a ball mill. 
Its outstanding success led to many other profitable 
applications where it has demonstrated its superi- 
ority. .. dewatering and recovering fine solids; sand 
and slime separations; washing coal, sand, and 
oyster shell; desliming and de-oiling phosphate 


LOWDEN DRYER 


For drying flotation concentrates, graphite, clays, ground 
minerals, paint fillers, pigments, various 

precipitates. Can use most any fuel in- 

cluding live steam and waste 

heot. 


VEZIN SAMPLER 


A continuous sampling device 
generally used for 5 and 10% 
cuts on crushed feed. Alloy white 
iron cutting lip. Rubber or abra- 
sion resistant plate lining inside. 
Compact direct driven faced 
tooth bevel geor drive. Easy 
addition of mixing barrel, oper- 
ated from same drive. 


COST CUTTING EQUIPMENT 


AKINS CLASSIFIERS AND HEAVY MEDIA SEPARATORS 


rock and concentrate; sink-float concentration; and 
many others. The Akins is made in sizes up to 84”, 
simplex and duplex, in two types—small and large 
settling pool. The Akins Heavy-Media Separator is 
the only unit available which can make a 3-product 
separation in one machine from one medium 
cleanup circuit. 


SKINNER ROASTERS AND DRYERS 


For roasting, calcining, and 
drying ores, clays, limestone, 
limestone mud, flotation con- 
centrates; decomposing oil 
sludge in the process of re- 
covering sulphuric acid. 
Coal, oil or gas fired. Sizes 
to 23'6” inside diameter; up 
to 12 hearths. 


FOREIGN REPRESENTATIVES 


Licensed Manutacturers and Sales Representatives: 
c dian Co., ltd., Kingston, Ont., Conede 
John Carruthers & Co. (Pty.), lid., Sydney, Australia 

Head, Wrightson & Co., Ltd. Stockton-on-Tees, Englond 
Head, Wrightson & Co., A. (Pty.), Johannesburg 


Soles Agents: 

Andrews and George Co., inc., 5 Shibo Park, Tokyo, Jopen 
Continental Soles ond Equipment Co., Hibbing, Minnesota 
Edw. J. Nell Co., Manila, P. |. 


COLORADO IRON WORKS CO. 


DENVER, COLORADO 
A SUBSIDIARY OF THE MINE & SMELTER SUPPLY CO. 
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Caterpillar announces a 


TURBOCHARGED 


(SERIES D) 


Compact, modern heavy-duty diesels for 
greater power, efficiency and economy! 


ENGINE 


CYLINDER 


The Cat 0397 Turbocharged Engine 
Both the D397 and the 0375 are also available as roots blown, 


naturally aspirated or spark ignited engines. 


The Turbocharger ... Exhaust Gas and Air Flow 
Another example of Caterpillar leadership in action! The Turbo- 


More than eighteen years of research have gone 
into these two new CAT* Turbocharged Diesels. 
Incorporating metallurgical, mechanical and 
aerodynamic advances, they are engineered to 
deliver higher horsepowers and lower operating 
costs at reduced noise levels. Their advance- 
design features are also available in D397 and 
D375 Electric Sets and Marine Engines. 


With these engines in the Caterpillar line- 
up, you now have an even wider choice of 
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TURBINE NOZZLE - 


~ 


COMPRESSED 


AMBIENT AIR 


“Yee 


( 


~ 
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COMPRESSOR 


IMPELLER 


TURBINE EXHAUST 
GAS OUTLET / 


TURBINE WHEEL 


charger, driven by the engine exhaust, utilizes energy which would 
otherwise be lost. It packs air into the engine according to engine 
load for greater efficiency. 


As shown in the diagram above, engine exhaust gases turn the 
turbine, which drives the compressor... the compressed air then 
enters the cylinders. Final result: more power on less fuel. 


compact, modern heavy-duty power to meet 
your requirements. Get the complete facts about 
these two new Turbocharged Diesels from your 
Caterpillar Dealer! 


Caterpillar Tractor Co., Peoria, Ill., U.S.A. 


CATERPILLAR’ 


“Caterpitiar and Cat are Registered Trademarks of Caterpi iia: Co 
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The Role of EJC in the Profession 


(Ed. Note: Engineers Joint Council is one of the pro- 
fessional activities in which AIME participates, but its 
work is not as widely known as it deserves to be. We 
asked long-time AIME member Paul Lange—who also 
happens to be EJC Secretary—to help rectify this lack 
of information. Here it is.) 


NGINEERS Joint Council is primarily an organiza- 
tion established by the profession for service to the 
profession. One primary purpose is to work toward 
greater unity within the engineering profession, and 
results here show up when the present EJC structure is 
compared with its background. The grandfather of EJC 
was the engineering council of the national technical 
societies formed in 1917. This in turn expanded into the 
American Engineering Council of the Federated Engi- 
neering Societies in 1920, and AEC operated until dis- 
solved in 1940. Engineers Joint Conference, composed of 
the presidents and secretaries of the five major engi- 
neering societies was formed in 1940, and grew into 
Engineers Joint Council in 1945. The American Engi- 
neering Council differed materially from the present 
EJC in that the members of AEC board were not 
directly responsive to the boards of their own activities. 
The Board of Directors of EJC, however, must be in- 
dividually members of their own societies board. This 
provides the continuity or link of authority between 
the supporting organization and EJC. 
At present the Council represents through its con- 
stituent, associate, and affiliate members an engineer- 
ing membership of approximately 220,000. 


CONSTITUENT SOCIETIES 


Americar: Society of Civil Engineers 

American Institute of Mining, Metallurgical ond Petroleum 
Engineers 

The American Society of Mechanical Engineers 

American Water Works Association 

American institute of Electrical Engineers 

The Society of Naval Architects and Marine Engineers 

American Lciety for Engineering Education 

The American Society of Refrigerating Engineers 

American institute of Chemical Engineers 


ASSOCIATE SOCIETIES 
The American institute of Industrial Engineers 
American Association of Agricultural Engineers 
AFFILIATE SOCIETIES 


Los Angeles Council of Societies 
Kentucky Society of Professional Engineers 


The expansion of EJC has been slow but steady. The 
slowness is entirely accounted for by the careful plan- 
ning which has gone into the gradual reorganization of 
its constitution. The present growth pattern of the 
Council stems from 1949 when an exploratory group 
with representation from 15 engineering societies 
undertook a two-year study. As a resu!t, constitutional 
changes were made and additional societies were 
offered the opportunity to take part in EJC activities. 
The National Society of Professional Engineers were 
a member of the exploratory group but declined to be- 
come a member society of EJC because of basic differ- 
ences in the philosophy of NSPE and the other groups. 
EJC, however, works closely with NSPE on matters of 
common interest to the engineering profession. 

Many specific accomplishments can be credited to 
EJC—and there will no doubt be many more as it 
grows and takes an active part in subjects of interest 
to the profession as a whole, Perhaps the most impor- 
tant recent undertaking was the sponsorship of the 
Nuclear Engineering and Science Congress in Cleve- 
land in December 1955. This marked the first time in 


MINING 


engineering 


EJC Objectives 


© To advance the general welfare of mankind 
through the available resources and creative 
ability of the engineering profession. 
To promote cooperation among the various 
branches of the engineering profession. 
To advance the science and profession of engi- 
neering. 
To develop sound public policies respecting na- 
tional and international affairs wherein the 
engineering profession can be helpful through 
the services of the members of the engineering 
profession. 


How it works 


© Act as an advisory and coordinating agency to 
seek and study matters of mutual interest to 
the constituent societies of Council and to 
recommend parallel action by them 

© Represent the constituent societies of the Coun- 
cil in instance in which constituent societies 
deem joint representation to be desirable. 

© Administer on behalf of the engineering pro- 
fession, those activities authorized by a majority 
of the constituent societies of the Council. 


the history of this country that over 20 recognized 
engineering and scientific organizations made any at 
tempt to cooperate on a national level to promote dis- 
semination of information on a subject of basic inter- 
est to all. As a result of this congress, representatives of 
five of the major engineering societies have met and 
recommended that an annual congress on Nuclear En- 
gineering be held under the general sponsorship of 
EJC. This single activity is one of the best examples of 
the growth of unity among the members of the pro- 
fession. 

Another example is the General Assembly of EJC. 
The first was held in 1955 with an attendance of 300, 
and the second, in January 1956, had an attendance of 
500 for a two-day program. Next year coverage by 
sessions will be extended to give still more coverage of 
subjects that are of interest to the profession as a 
whole. 

The basic committees of the Council, operating under 
the authority of the Board of Directors, include those 
on Constitution and Bylaws, Finance, and Membership 
These provide the foundation for policy and operation 
of the Council. The operating committees are those 
which are charged with specific tasks. These tasks 
represent problems which require solutions. If solu- 
tions do not result, at least considered study yields 
results which can guide others in finding their own 
solutions. Among such committees is the Engineering 
Manpower Commission, in operation since 1951. Its 
activities have been widely felt in the profession in the 
past five years and it has provided the government 
with the necessary background information on the 
need for a utilization of engineers “in industry and in 
the armed forces.” Commission policy is determined by 
the EJC Board. The Committee on Employment Condi- 
tions is another of this operating group. For the past 
year and a half it has been preparing a report on “Pro- 
fessional Standards and Employment Conditions” which 
has just been accepted by the EJC Board of Directors 
and which will be published shortly. 


E. Paul Lange 
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ROTARY KILNS 


PUT PEAK PROFITS IN 


Processing Ore 


| 


Today profitable processing of ore depends 
more than ever on utilizing the most efficient 
methods and equipment. 


For over a half-century Traylor has been the 
leader in the advancement of rotary kiln design. 
Traylor has engineered and developed many of the 
major modern improvements. 

In the past 14 years alone, Traylor has built 
an average of over 1 rotary kiln a month. A total 
of more than 175 “Traylor-Made” Rotary Kilns 
are currently engaged in the processing of some 21 
different products. 


Traylor Rotary Kilns . . . custom-engineered 
and “‘Traylor-Made” to individual specifications 
. » » fange in size from 7’ to 12’ in diameter and up 
to 450’ in length. Send for Traylor Kiln Bulletin 
#1115 containing complete descriptions, illustra- 
tions and specifications. A copy is yours on request. 


TRAYLOR ENGINEERING & MFG. CO. 
836 MILL STREET, ALLENTOWN, PA. 
SALES OFFICES: New York - Chicago + San Francisco 
Canadian Mir.: Canadian Vickers, Ltd., Montreal, P.Q. 
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a JEFFREY fan 
gives the most 
ventilation 


for your money 


Lowest first cost, 
economy of operation and 
dependable service 


Jeffrey makes fans for every mining condition. 
Midget blowers are supplied as auxiliaries, Junior 
models for low pressure work, and mammoth 
multi-stage units for high-pressure, high-volume 
ventilating service. 

For 49 years, Jeffrey engineers have been 
helping mine operators solve ventilation prob- 
lems. The experience and scientific knowledge 
they have gained is available to you to help 
assure proper application and selection of Jeffrey 
equipment. 

Catalog 901, just published, gives valuable mine 
ventilation data and shows typical arrangements 
and drives to suit various conditions. It also tells 
you how to select Jeffrey equipment and includes 
dimensions to assist your layout men. 


For a copy, or for other information, write The 
Jeffrey Manufacturing Co., Columbus 16, Ohio. 


AERODYNE® Midget Blower serving « potash mine in the West. 
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AERODYNE® Fan ventilating a South Dakota gold mine. 
6, 
AERODYNE?® Fan installed underground in an iron mine. 5 


THIS TRAXCAVATOR’* CAN LOAD OUT 
450 TONS PER 8-HOUR DAY 


Tus CAT* HT4 Traxcavator averages 350 to 450 tons All 3 have these advanced Caterpillar features: 
of lead-zine ore per 8-hour day, working 300 feet under- — 40-degree bucket tip-back at ground level for more 
ground in a mine at Picher, Okla. It is one of 7 leverage, less spillage. Extra-strong box section bucket 
Traxcavators owned by American Zine-Lead and arms stand up under heavy loads and shocks. Long- 
Smelting Co. on the job. All the machines are equipped _ lasting oil clutch, which seldom needs adjustment and 
with air starters, and with exhaust scrubbers designed — stands up to roughest duty. Conveniently placed con- 
and built by head mechanic Bob Boyes. trols and “built-in” operator comfort mean more 


Now there is a new line of Traxcavators, built to production with less effort. 


handle even more material at even lower cost. The There's a Caterpillar-built Traxcavator, with choice 
No, 933 (l-yard bucket and 50 HP), the No. 955 of buckets and attachments to increase versatility, 
(1Y%-yard bucket and 70 HP) and the No. 977 (244- __ that will cut costs in your mine. Ask your Caterpillar 
yard bucket and 100 HP) comprise the new Caterpillar- = Dealer for full details today. 


built Traxcavator line. Caterpillar Tractor Co., Peoria, Ilinois, U.S. A. 


These 3 new Traxcevators are compact, maneuver- 


able and easy-handling. Their clean exhaust—thanks 
to efficient and trouble-free Caterpillar fuel injection 


~—makes scrubbers practical for underground work. 
In all 3 of the machines, weight, horsepower and bucket pare 
capacity are perfectly balanced to give top efficiency ame THE DA 


and economy. 
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Unwatering the Osceola Lode 


by A. S. Kromer, R. J. Marcotte, C. A. Campbell, 
R. R. Spencer, and P. H. Ostlender 


The objective in unwatering the Osceola was to make avail- 
able the known ore reserves. These reserves, which exist above 
the 6000-ft incline depth, include millions of tons of ore. Hoist- 
ing equipment has been designed to sink an additional 1000 
ft to suspected reserves below the 6000-ft mark. 


ALUMET Div. of Calumet & Hecla Inc. is en- 

gaged primarily in mining, milling, and smelting 
the native copper ores of northern Michigan. The 
copper occurs in fragmental tops of lava flows and 
in certain interbedded felsitic conglomerates of Pre- 
Cambrian age. The most famous native copper ore- 
body in world history is the Calumet conglomerate, 
which outcrops between the villages of Calumet and 
Laurium for a distance of about 2 miles. The Osceola 
lode parallels the conglomerate lode and is miner- 
alized for about 3 miles. Horizontal distance between 
the two is 750 ft. 

In 1932 the price of copper dropped to 5¢ per Ib. 
Coupled with the high cost of obtaining copper from 
extreme depths, this low price made the venture un- 
profitable, and the mining unit was abandoned, After 
the shaft pillar copper was removed from several of 
the conglomerate shafts in a retreating operation, the 
mine was allowed to fill with water. In post-depres- 
sion years, when the price of copper stabilized at 


A. S$. KROMER is Vice President and General Manager, R. J. 
MARCOTTE is Technical Assistant to the General Manager, C. A. 
CAMPBELL is Director of Mining, R. R. SPENCER is Project Engi- 
neer, and P. H. OSTLENDER is Project and Specifications Engineer- 
ing Manager of the Calumet Div. of Calumet and Hecla, Inc., 
Calumet, Mich. 


about 12¢, Calumet Div. found it profitable to oper- 
ate its remaining mines on other lodes, as well as its 
tailings reclamation plants 

At the close of World War II several factors forced 
management into a major decision concerning activ- 
ity in the district: 1) Reserves in some of the operat- 
ing mines were nearing depletion, 2) Ore grade was 
becoming progressively lower. 3) Mining depths 
were increasing and mining costs were growing. 4) 
The price of copper was rising, and it was evident 
that price stabilization would occur at a higher level. 

It was expected that several of the operating 
mines would reach economic depletion by 1956. Re- 
maining operations, in absorbing a greater share of 
the overhead burden, would then become unprofit- 
able, and unless some other activity was substituted 
Calumet would be forced into liquidation. In 1950 a 
committee was established to review all geological 
and mining records of the region, to appraise the 
possibilities of opening new properties. The com- 
mittee realized that any new mining venture must 
meet certain basic requirements: The new mine 
would have to be ready for production as the deplet- 
ing mines closed. Production should largely offset 
that of the closing mines. The new mine should be 
located to employ Calumet’s existing treatment 
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VERTICAL 


SCALE TO 2000 FT 


OSCEOLA “6 


Surface plan of the Osceola area, where the Calumet con- 
glomerate outcrops between the villages of Calumet and 
Lourium. 


facilities. It must be brought into production at a 
capital cost the corporation could afford and must be 
capable of profitable operation. 

Problems of unwatering and reactivating the 
Osceola are divided into four major areas: 1) un- 
usual properties of the water, 2) operations of un- 
watering and rehabilitation, 3) major engineering 
problems, and 4) coordination of activities. 


Water 
In 1932 a retreating operation was begun in the 
conglomerate lode. The old backs and shaft pillars 
were removed and water was allowed to accumulate 
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Vertical section showing the Calumet conglomerate overlying 
the Osceola. Interconnected by crosscuts, the two lodes 
form an integral mining unit. 


in the lower levels. In March 1937 the rising water 
threatened to overtake the working crews, and 
pumping was begun to permit working out of the 
shaft pillars. Pumping facilities were conveniently 
available in No. 13 Osceola shaft at the 28 level 
crosscut, and the water was held at this level. In 
October 1939 the conglomerate operations ceased 
and both lodes were allowed to fill with water, 
which was at swamp level by 1943. 

During the 1937-1939 pumping, much valuable 
experience was gained concerning the nature of the 
water accumulating in the conglomerate lode: 

1) The water was very corrosive. Cast iron pump 
parts failed in 10 to 30 days, being converted to 
graphite by the complete solution of the contained 
iron, Heavy duty galvanized steel column pipe had 
to be replaced in less than one year; two complete 
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lines were corroded in the two-year period. Brass 
was subject to severe dezincification. Galvanized 
iron, aluminum, and rubber parts failed. The only 
metallic material then in use which seemed to with- 
stand corrosion satisfactorily was a tin bronze. 

2) As the water was spilled into the underground 
dams, a gas was liberated producing a persistent 
froth. The gas was combustible, and when ignited, 
the bursting froth bubbles burned. 

3) A red mud, analyzing 88 pct copper, and pre- 
sumably cuprous oxide, collected in the dams in such 
quantity that 28,000 lb of copper were recovered. 
The water being pumped at the time carried copper 
in concentrations reported at 3 to 10 ppm. 

In 1944 a proposal to reclaim copper from the ac- 
cumulated mine water resulted in an intensive sam- 
pling program, which extended through 1945 and 
was repeated in 1948. It was concluded that the 
water did not contain sufficient copper to make ex- 
traction commercially profitable. Indeed, all of the 
samples taken analyzed less than one part copper 
per million. This was truly amazing in view of the 
reported condition. 

With a management decision to unwater the Osce- 
ola, it was recognized that the characteristics exhib- 
ited by the water during the 1937-1939 pumping 
would be of utmost importance, not only in the 
selection of pump and pipe materials adequate for 
the job, but also in formulating the general opera- 
tional scheme of unwatering. It was deemed neces- 
sary not only to establish the exact chemical compo- 
sition of the water, but also to identify the combusti- 
ble gas which produced frothing in the Osceola dams 
and to determine the extent of liberation. 

Water Sampling: Sampling water in these lodes 
presented a problem. The Osceola underlies the con- 
glomerate, to which it is connected by crosscuts. 
Tamarack No. 5 is a vertical shaft intersecting the 
conglomerate lode 4660 ft below surface; its highest 
connection to the lode is at 4160 ft. It was impossible 
to secure samples at depth from any of the incline 
shafts, and all sampling was done through the verti- 
cal shaft. 

Apparatus employed was a multiple affair, con- 
sisting of slender, tubular chambers, fitted at their 
upper ends with a high-pressure valve to control 
release of gas in collection of samples, and at their 
lower end with a ball check to prevent escape of 
water as the sampler was raised to surface. Sam- 
pling assembly was 3% in. diam and nearly 12 ft 
long. The slender streamline shape minimized the 
possibility of its becoming ensnarled in any obstruc- 
tion in the shaft. 

The water contained little or no salt from surface 
to a depth of 2000 ft, and had a specific gravity very 
nearly equal to 1.0. Near the 2000-ft depth and with- 
in the short distance of about 100 ft, the chloride and 
specific gravity values changed very abruptly to 
33,000 ppm and 1.04 respectively. From there to the 
bottom of the shaft both the gravity and chloride 
increased gradually to values of 1.082 sp gr and 
62,000 ppm. Thus the water was divided into two 
distinct layers, an upper layer of relatively salt-free 
water, and a lower of rather high salt content. Al- 
though testing was confined to Tamarack No. 5 shaft, 
it was assumed that this same condition extended 
throughout the mine. This assumption is substanti- 
ated both by the Alfred C. Lane report of 1911,’ and 
by the corporation's present pumping experience. 

In all samples the copper content was less than | 
ppm. The deep water, on standing, formed a brown- 
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ish precipitate, which was essentially iron oxide but 
also contained grease or oil equivalent to 100 ppm 
of water. 

When poured into a container, samples from below 
the 1600-ft depth effervesced violently, releasing 
gas identified as: CH,, 49.0 pct; H,, 5.5 pet; CO,, 1.5 
pet; N,, 44.0 pet; and H,S, 0.005 pct. The quantity of 
gas expelled, obviously in excess of the solubility 
limit at normal temperature and pressure, amounted 
to 14 pct of the water volume. During collection of 
samples, gas evolution was greatly assisted by agi- 
tation, as when the water was spilled into a con- 
tainer or the side of the sampler was struck a blow 
with a hammer. These actions seemed to induce the 
necessary nucleation and produce violent evolution. 
Without this agitation pressure in the sampler could 
be decreased below atmospheric by means of an 
atomizer bulb, without effecting gas release. A subse- 
quent sharp hammer blow would cause instantane- 
ous release and create sufficient pressure to blow the 
tubes from the gas collection apparatus assembly. 
Gentle tapping resulted in the desired gradual release. 

Gas Problem: The evolution of gas presented two 
major problems. First, there was the imminent dan- 
ger of explosions if gas were released in the mine 
without adequate ventilation, since it contained over 
50 pct combustibles. Second, gassy water causes 
cavitation in pumping. 

Originally it had been planned to employ normal 
suction-type sinking pumps and to unwater through 
the incline shafts of the Osceola. A pump with a suc- 
tion lift, though theoretically capable of lifting gas- 
free water approximately 33 ft, is normally designed 
for a maximum lift of about 15 ft; beyond that effi- 
ciency falls off rapidly and there is an increasing 
tendency to develop cavitation. With gassy water 
the maximum lift decreases, and it was agreed that 
in this situation serious cavitation would develop for 
any amount of lift. Use of a submersible pump 
seemed imperative, and it was further believed that 
to avoid operational difficulties, the pump would 
have to remain submerged a minimum of 60 ft at all 
times. It is fortunate that a decision to employ sub- 
mersibles was reached, because later operating ex- 
perience has indicated that the use of suction lift 
pumps would have been impractical. 

It now became apparent that unwatering through 
the incline shafts would present almost insurmount- 
able problems. There was the probability that shaft 
obstructions would make it impossible to maintain 
necessary submergence of the pumps. Also, there 
would be space limitations and resulting congestion, 
since it was desired to rehabilitate the shaft and un- 
water simultaneously. 

The decision was made, therefore, to unwater 
through the vertical shaft, which has no openings to 
the lode above a vertical depth of 4160 ft. Unwater- 
ing through this shaft effects the removal of the 
lower gassy and saline water from under the upper 
gas-free protective layer. Water flows from the 
Osceola lode through the 25 level crosscut to the 
conglomerate and thence to the vertical shaft via the 
4160-ft crosscut, maintaining at all times the protec- 
tive layer in the Osceola and greatly minimizing, if 
not completely eliminating, a serious gas problem 

The gas issuing from the water has a distinctive 
odor, attributable to the presence of 0.005 pct hydro- 
gen sulfide. This low concentration, though difficult 
to detect chemically, produces noticeable corrosion 
of copper and copper alloys. It is sufficient to cause 
sub-acute toxicity, but this is not alarming because 


© The unwetering of the Osceole is, to the best of the 
authors’ knowledge, the largest underground unwatering 
program ever undertaken by « mining company. The 
operation involved pumping more then 8.8 billion gol 
of highly corrosive woter, supersaturated with methane 
gas, potentially a serious safety hezerd. 

Specially designed submersible pumps in unique 
unwotering scheme hove nullified the gas condition. 
Continued testing of the mine air has foiled to detect 
gos, even though, ot the surfece discharge, the violent 
fooming and effervescence reveals its presence. 

© Motor and pump meterials of special metallurgy hove 
withstood the corrosion. The neoprene-cocted pipe hes 
given excellent resistance to corrosion and the complete 
absence of tuberculation in the pipelines hes contrib- 
uted much to pumping efficiency. 


a minor amount of ventilation will dilute it to harm- 
less values. A check for its presence is regularly 
made, since hydrogen sulfide deadens the sense of 
smell and toxic concentrations are odorless 

Corrosion Problem: Past experience had indicated 
that the water was potentially very corrosive to cer- 
tain metals. There was an instance in which a %-in. 
section of cast iron was corroded through in a period 
of ten days. Because it was impossible to conduct 
any corrosion test that would simulate actual pump- 
ing conditions, selection and specification of pump 
and pipe materials had to be based on theory bol- 
stered by whatever reports and experience could be 
gleaned from past records and discussions with for- 
mer operating personnel, Some of the country’s lead- 
ing corrosion men were consulted, and when their 
opinions were analyzed in the light of past operating 
experiences, the following recommendations were 
made: 

1) All motor and pump parts in direct contact 
with the mine water were to be mone! metal, or tin 
bronze. These materials have a low corrosion rate, 
which is expected to increase somewhat as the water 
becomes aerated by the admixing with surface 
waters. 

2) The column pipe was to be steel, coated both 
inside and outside with neoprene which would with- 
stand the action of chlorides and dissolved greases o1 
oils as well as mechanical abuse and abrasion. The 
neoprene lining is less susceptible than is metal to 
tuberculation, the gradual building up of a salt de- 
posit inside the pipe, which reduces pumping effi- 
ciency through the combined effects of decreased 
cross-sectional area and increased friction 

Specific Gravity Effects During Pumping: In the 
arms of a U tube filled with liquids of different spe- 
cific gravities, the heights of the liquid columns, at 


Sch ion of water analysis. From surface to 
a oa of 2000 ft, the | water contained little or no salt 
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the balance point, are inversely proportional to their 
gravities, When pumping was begun on March 18, 
1953, with a special pump set at 400-ft depth, heavy 
water moved in from the conglomerate lode through 
the 4160-ft crosscut into Tamarack No. 5 to replace 
the low gravity water which was being removed 
from the top of the shaft. It required but a short 
time, about a day, for the heavy water to reach the 
pump intake. At this time the existing conditions 
simulated a U tube in which Tamarack No. 5 shaft 
represented one arm filled with water having a spe- 
cific gravity of 1.072, while the other shafts and the 
two lodes represented the second arm, the bottom 
half of which was filled with water ranging from 
1,04 to 1.072 sp gr and the top half with water of 
1.0 sp gr. 

The water level in Tamarack No. 5 was actually 
lowered 160 ft before any lowering of the lighter 
water in the Osceola was detected. This point of ini- 
tial motion in the Osceola justified precisely the as- 
sumption that the interface between the heavy saline 
water and the light water was at a uniform level 
throughout the mine and was located 2000 ft below 
surface, Failure to take this specific gravity effect 
into account during initial pumping might easily 
have led to the conclusion that caving in the mine 
was preventing the flow of water to Tamarack No. 5 
and that unwatering through this shaft was impossi- 
ble, This would have been especially true had the 
initial attempt been made with a suction lift pump 
and the inherent necessity of moving to new settings 
at 15 to 20-ft intervals, 


Unwatering and Rehabilitation 


Unwatering: To unwater the Osceola it was also 
necessary to unwater that upper portion of the con- 
glomerate which exists above the lowest intercon- 
necting crosscut at the 28 level. The amount of 
water thus involved was more than 5 billion gal 

In the first stage of pumping, six submersibles 
were set 1250 ft below the collar of Tamarack No. 5 
shaft, the motors being controlled from an electrical 
substation at surface, The water was lowered 1177 
ft, which was 100 ft below a small former pump sta- 
tion. This pump room was enlarged to accommodate 
six stationary booster pumps as well as the trans- 
formers and electrical control equipment for all 12 
pumps. 

The submersibles were then lowered to a new set- 
ting of 1100 ft below the level of the pump room, or 
to a depth of 2177 ft below the collar. Each of the 
submersibles discharged directly into the intake of 
one of the station booster pumps, which in turn de- 
livered the water to surface, With this arrangement, 
the water in both lodes was lowered to the 25 level 
crosscut, at which time natural drainage from the 
Osceola to the conglomerate ceased. To unwater the 
Osceola further, it would be necessary either to 
pump via the incline shafts or to transfer the water 
to the conglomerate through one of the crosscuts. 
The 25 level crosscuts are too far removed from No. 
13 shaft to be available for such use. 

Originally it had been planned to unwater the re- 
mainder of the Osceola through No. 6 shaft. Incline 
submersibles with mechanical seals would be used 
as sinkers, delivering to booster stations at the 36, 
24, and 11 levels. Caving encountered in this shaft 
was 80 severe, however, that rehabilitation was con- 
siderably behind schedule and the original pumping 
plan could not be employed. It appeared that the 
project would be seriously delayed. 
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An additional crosscut exists at the 28 level and 
in the vicinity of No. 13 shaft. This crosscut is sealed 
by a concrete dam in which there is a heavy bronze 
valve, closed when pumping ceased in 1939. If this 
valve were opened, all water existing between the 
25 and 28 levels of the Osceola could drain into the 
conglomerate, greatly accelerating the project. It 
would make possible the subsequent unwatering of 
No. 13 by installing an incline submersible in that 
shaft and pumping to the conglomerate through the 
28 level crosscut. 

The big problem was to open the valve. There was 
the possibility that a diver might be successful. In- 
quiry revealed that several commercial divers were 
willing to undertake the job. The operation involved 
lowering the divers in a man car from the 25 to the 
28 level of No. 13 shaft, a distance of 360 ft on the 
incline. The man car had to be stopped precisely at 
the 28 level. The diver would then walk 40 ft into 
the drift, turn into the narrow crosscut, and walk 
an additional 100 ft to the valve. There he would 
attach a specially designed reel to the wheel of the 
valve and return to the man car for surfacing. The 
valve would subsequently be opened from the 25 
level by pulling on the cable attached to the reel. 
Because of the many unusual factors involved, it 
was generally agreed that if successful, this would 
be the most complex and most ambitious dive ever 
attempted. 

After elaborate preparations and rehearsals of de- 
tails, trial runs were made, which very quickly in- 
dicated that the dive was too deep and time-consum- 
ing to permit conventional use of compressed air for 
breathing by the divers. In succeeding attempts, 
U. S. Navy divers employing helium-oxygen tech- 
niques were able to progress toward the entrance of 
the crosscut. However, what appeared to be insur- 
mountable difficulties made necessary the abandon- 
ment of the diving attempt. The diving attempts at- 
tracted wide attention and the final dive by Navy 
divers was nationally televised. 

Caving in No. 6 shaft persisted, threatening to 
delay the project for an indefinite period. It was 
then decided to drive a new crosscut to the con- 
glomerate from the 24 level of No. 13 shaft. This 
was accomplished in 25 days. An incline submersi- 
ble was installed in No. 13 shaft and pumping to 
the conglomerate was done through the newly 
driven 24 level crosscut. When the 28 level was 
cleared, the valve was opened and water from the 
submersible was routed through this crosscut. No. 
13 shaft was completely unwatered in April 1955. 

At the time of this writing, rehabilitation of No. 
6 is progressing and caving has decreased. It is ex- 
pected that unwatering the lower Osceola via No. 6 
shaft according to the original plan will be complete 
in July 1956. 

Shaft Rehabilition: No. 13 shaft has been gener- 
ally free of obstructions, and rehabilitation has pro- 
gressed in an orderly fashion and on schedule. It has 
been necessary to replace 75 pct of the timber. 

In No. 6 shaft, the serious cave-ins encountered 
have caused considerable delay in its rehabilitation 
and have required the replacement of 85 pct of the 
timber. 


Major Engineering Problems 
Pumps: To keep ahead of the planned rehabilita- 
tion schedule in the incline shafts, it was necessary 
to pump at an average rate of 9000 gpm. It was 
imperative to keep the water confined at all times, 
avoiding discharge into underground sumps or 


dams, to prevent the release of explosive gas within 
the mining area. Booster or station pumps were 
placed in series with the submersibles and a posi- 
tive pressure of at least 30 lb was maintained at the 
intakes of all pumps. The water was not released 
until it reached a large open reservoir on surface. 

The submersible pumps selected for the job are 
all-bronze, 12-stage, deep well turbine type, with a 
rated capacity of 1500 gpm at 850-ft head, and 
capable of higher heads at reduced output. The 
pump, measuring 18 in. diam and 15 ft long, is 
powered by a 450-hp, oil-filled, mercury-sealed, 
submersible motor, having an all monel outer casing 
and measuring 15 in. diam and 13 ft long. To main- 
tain the proposed average pumping rate, it was 
necessary to employ six such pumps operating 
simultaneously. 

The booster or station pumps are conventional 
two-stage, horizontal-type, bronze-constructed with 
monel shafts. They are driven by 500-hp, 3450- 
rpm, 3/60/2300-v, squirrel-cage, line-start motors. 
Each pump has a rated capacity of 1500 gpm at 
940 ft head. 

Column Pipe: Testing had revealed that the ver- 
tical shaft was free of obstructions and its selection 
as the pump shaft suggested the possibility of set- 
ting the submersibles at great depth, thus minimiz- 
ing the costs and delays incident to frequent mov- 
ing to new settings. The plan called for the initial 
setting of the submersibles at 1250 ft. To the best 
of knowledge this is the greatest depth at which 
submersible motors have ever been set. The plan 
also involved their suspension on the threaded col- 
umn pipe, from a single support at the shaft collar. 
The live load of each column line, including motor, 
power cable, pump, check valves, pipe and water 
load, was calculated at 112,000 lb, to be supported 
by the threaded pipe joint. Obviously this was not 
a job for ordinary standard threaded pipe. The 
pipe selected was a 9% OD oilwell casing with a 
tool joint type of thread having a rated pull out 
strength of 875,000 lb, thus allowing an ample 
safety factor, provided that both the pipe and 
threaded joints could be adequately protected 
against corrosion. 

It was recommended that the pipe be coated with 
neoprene. Because the project called for 2 miles of 
pipe, because neoprene-coated pipe was available 
only with coating thicknesses far in excess of that 
necessary for the job, and because special fittings 
and flange joints would require on-the-job atten- 
tion, it was considered advisable for the corporation 
to do its own neoprening. 

Pipes to be neoprened, mostly 40-ft lengths, were 
first given a thorough cleaning by sand blasting, 
then placed on a rack at a 45° angle. The liquid 
neoprene was applied by pouring at a controlled 
rate into the upper end of the pipe until flow had 
been established throughout its length. To coat the 
inside surface completely, the pipe was then rotated 
very slowly through one complete revolution. Flow 
from the top was stopped and the excess neoprene 
allowed to drain. This procedure resulted in ap- 
plication of a coating approximately 0.020 in. thick; 
three such applications gave a final coating of 0.060 
in. For the outside of the pipes, as well as for 
flanges, special fittings, and threaded ends, the neo- 
prene was applied by brushing. All newly neo- 
prened pipes and fittings were heat cured. Emer- 
gency repairs in the field were made with an air 
curing variety of neoprene. 


Flanged joints, which coupled the column pipe to 
the bronze pump and monel check valves, were 
fitted with special gaskets to provide complete elec- 
trical insulation at the joint and eliminate the elec- 
trolytic corrosion that might occur because of the 
proximity of dissimilar metals. 

Setting the Submersible Pumps: To facilitate 
handling and installing the pumps, a 75-ton guy 
derrick with a 100-ft boom was erected at the shaft 
collar and pewer was supplied by a drawworks 
Lowering ¢ raising pumps and disconnecting pipe 
sections was aided by regular oil field equipment 
such as slips, elevators, and tightening tongs 

Each pump was suspended at the shaft collar by 
suitable supporting plates. With the aid of the der- 
rick, the first flanged pipe section was brought into 
position and bolted to the pump. The entire assem- 
bly was then raised slightly in order to free and 
permit removal of the collar pump supports, and 
subsequently lowered until the pipe end was about 
3 ft above the working platform. The assembly 
was secured in slips and the derrick was now free 
to bring in another length of pipe. The threaded 
jeint was spun in with manila rope and bucked up 


To facilitate handling of submersible pump and assembly, 
Calumet and Hecla had this 75-ton, '00-ft guy derrick 
erected at the shaft collar. 


APRIL 1956, MINING ENGINEERING—379 


hy fe | 

| 

| 

| 
y 
> 


with the casing tongs, using liquid neoprene for 
thread compound. This procedure was repeated 
until the column line was complete. As the line was 
being lowered into place, the armored cable, carry- 
ing power to the submersible motor, was attached 
to the pipe at approximately 10-ft intervals, em- 
ploying monel band-it. With an experienced crew, 
the setting of a complete pump line was effected in 
approximately 12 hr. 

It was a major operation to establish supports 
across the shaft at the level of the underground 
pump room, for the second setting of the six sub- 
mersible pump lines, involving a total live load of 
336 tons. Sizable hitches were cut into the rock 
walls of the shaft. Rock bolts were put in under the 
hitches to insure against slips in the rock formation. 
Built-up support beams of 6700 lb, measuring 15 in. 
on the flange face, 45 in. high, and 19 ft, 3 in. long 
were lowered through the narrow cage compart- 
ment of the shaft, and at very close quarters were 
inched into position across the shaft openings. Two 
such beams supported three pump lines in each of 
two shaft compartments. In a third compartment, 
two similar beams supported the full weight of two 
12-in, column lines to surface. 

Heat Dissipation: The operation of 3000 hp in 
pump motors and 6000 kva of transformers lib- 
erated into the limited quarters of the underground 
pump room an estimated 1,300,000 Btu per hr. It 
was necessary to dissipate this heat properly to 
prevent the installation from becoming excessively 
hot, The water being pumped was at a constant 
temperature of 80°F and, therefore, would not be 
effective as a cooling medium. 

The problem was solved by bratticing the com- 
partment which carries the column lines to surface. 
The warm water in the pipes helped to create a 
stack effect, causing a circulation of cool surface 
air down the other compartments. This was aug- 
mented by six 5-hp fans to draw the cool air 
through the pump room and force it up the brat- 
ticed column compartment. 


Coordination of Activities 


To make the Osceola lode productive required 
pumping 8.8 billion gal of water, including inflow, 
building three complete surface installations, and 
rehabilitating three shafts. All these projects were 
started at approximately the same time. 

Tamarack No. 5: Prior to actual pumping at 
Tamarack No. 5, much surface preparation was 
necessary. The guy derrick and drawworks were 
erected. The surface plate supporting each pump 
and column carried an ultimate load of 56 tons, and 
supports, therefore, had to be provided for a total 
of 336 tons live load. The original shaft was built 
in a swamp and the fill surrounding the shaft had 
very limited bearing value. Consequently, the foot- 
ing for the re-enforced concrete supporting walls 
had to be set 17 ft below the collar. A large mani- 
fold, 6 ft in diam, was constructed to receive the 
discharge of the pumps. From this manifold a con- 
crete pipeline, 30 in. diam and 2400 ft long, was 
installed to carry the water to a large open existing 
reservoir known as the Tamarack dam. The electri- 
cal control equipment for the submersibles was 
housed in a substation erected near the shaft collar. 
The collar house and the engine house, containing 
the hoist which would service the shaft, were 
erected. All of the above were completed in Janu- 
ary 1953. 
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Pumping was started on a limited scale on March 
18, 1953. By April 1954 the water level had been 
lowered to a depth of 1177 ft, which is 100 ft below 
the existing pump room. The room was enlarged 
to 35 ft wide, 145 ft long and 12 ft high, involving 
the blasting and removal of 5000 tons of rock, all 
brought to surface by the man cage, which had been 
designed to accommodate a small mine car. 

It now became possible to install the six station- 
ary booster pumps in the newly created pump room, 
and two additional 12-in. neoprene-coated column 
lines to surface. The electrical substation equip- 
ment and all necessary controls had to be so de- 
signed that they could now be taken to the under- 
ground pump room through the existing cage com- 
partment. 

A special armored cable of 350,000 circular mils 
was purchased to deliver 12,000 v from surface to 
the station. The cable is 4% in. diam, its total 
weight of 8 tons supported at surface in a special 
cable support. Lowering the cable presented a 
unique problem in that the reel was too large for 
the shaft openings. It was impossible to lower the 
reel and then pull the cable to surface in the con- 
ventional manner. The lowering was accomplished 
using 34%-in. oil field drill pipe and attaching the 
cable to the pipe at 60-ft intervals with Kellem’s 
grips. 

Lowering the submersible pumps from their first 
setting to the supporting beams at the underground 
station was accomplished by coupling 3%-in. drill 
pipe to the pump column and lowering the entire 
assembly with the derrick and oil field equipment. 
Completion of the transfer to this second stage of 
pumping was effected in July 1954. 

No. 6 and No. 13 Osceola Shafts: At these loca- 
tions no surface plants remained from the previous 
operations. Awaiting the delivery of permanent 
headframes and hoists would have delayed this 
phase of the project more than a year. To expedite 
the rehabilitation, temporary headframes and hoists 
were installed. 

Permanent change houses, collar houses, head- 
frames, and engine houses had to be designed and 
erected. They are of modern design and are exact 
duplicates for both locations. The change houses, 
of steel and aluminum construction, can accommo- 
date 208 men and are connected directly to the col- 
lar houses. The headframes provide storage for 
1000 tons of ore and house the 24x36-in. primary 
jaw crushers of the overhead eccentric type. The 
engine or hoist houses are 60x140 ft and are 
equipped with a 25-ton overhead traveling crane to 
aid in installation, maintenance, and repair of 
equipment. The hoists have two drums, 10 ft in 
diam and with a 110-in. face, each having a capac- 
ity of 7000 ft of 1%-in. rope. The hoist is driven by 
two 1500-hp, de motors which obtain their power 
from a motor generator flywheel set. 

Power: All electrical power generated at the 
Calumet power plants was 25 cycle. With the ob- 
vious advantages of 60-cycle power, careful study 
confirmed the justification of its use for this project 
and for the operation of these mines. Accordingly, 
four frequency changers were installed with a total 
capacity of 12,000 kw. An estimated 64 million kw- 
hr of electrical energy were required merely to 
pump the water. 

Ventilation: Unwatering through the vertical 
shaft permitted maintaining a cap of fresh water in 
the Osceola, thus reducing the gas hazard during 
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Horizontal projection of the Osceola lode showing both extent of the mined area and location of the reserves. Note thot the 25 
level crosscuts are too far removed from No. 13 shaft to be available for pumping. 


rehabilitation. At No. 5 Tamarack shaft, the pro- 
visions made for heat dissipation were more than 
adequate to handle the ventilation problem. At 
No. 6 and No, 13 Osceola, 75-hp suction-type fans 
were installed over the adjacent No. 5 and No. 14 
shaft openings. Thus No. 6 and No. 13 were con- 
verted to downdraft shafts, causing fresh air to flow 
from surface through the areas where men were 
working on rehabilitation. These ventilating units 
are equipped with auxiliary gasoline engines ar- 
ranged for automatic starting in the event of elec- 
trical power failure. 

Mining: During the prior active life of the Osce- 
ola, the ground between the 10 and 11 levels north 
of No. 13 shaft had been left to act as support for 
the headframes and engine houses of the conglom- 
erate which were located directly above. The need 
for this support no longer exists, and as soon as the 
11 level had been unwatered, active mining of this 
area began. The first skip load of rock was brought 
to surface in July 1954. 

Production from the lower levels of No. 13 began 
in November 1955, and the shaft was scheduled to 
reach full capacity of 1500 tpd in February 1956. 
Mining in Osceola No. 6 is scheduled to begin in 
September 1956 and reach full production of 1500 
tpd in December. 

Disposal of the Water: One of the important 
problems associated with the Osceola unwatering 
was the proper disposal of the water, which con- 
tained relatively large concentrations of salt. The 
Michigan Water Resources Commission was most 
cooperative in helping solve this problem. After 
careful study they approved discharge of the water 
into Lake Superior, provided that disposal was 
controlled so as to secure maximum protection 
against pollution injurious to the public water 
supply. The Commission has required surveys to 
determine the course of the water as it enters the 
lake, regular sampling at several stations, and the 
installation of continuous chloride recorders at the 
waterworks intakes. 

Water from the shaft is pumped through the 30- 
in. concrete line, to the North Tamarack dam, 


where it is allowed to spill, releasing the entrained 
gas. From the dam it enters a small stream, flowing 
a distance of approximately six miles, and entering 
Lake Superior at a point 5% miles northeast of the 
waterworks intake 

When the lake is rough, strong wave action 
causes mixing of the mine and lake water, and sub- 
sequent movement is entirely dependent upon wind 
direction, the concentration of chloride diminishing 
rapidly with distance traveled from the mouth of 
the stream. Maximum chloride content detected 
in the tap water to date was 36 ppm, approximately 
one eighth of the minimum detectable by taste. This 
concentration was reached only once, after two 
weeks of persistent north winds. During the sum- 
mer, with prevailing westerly winds, the chloride 
content of the tap water has been 1:2 ppm, normal 
for Lake Superior. 

When the lake is calm, the mine water does not 
mix immediately with the lake water but, because 
of its higher specific gravity, follows the bottom 
contour of the lake, forming an underwater stream 
which seeks out the low spots, moving out into 
deeper water toward the very bottom of the lake, 
dispersing itself as it goes along. Under quiet con- 
ditions, the layer which hugs the bottom is thin and 
sharply defined. Its thickness is generally about | ft 
This segregation tendency is so pronounced that it 
was not possible to detect chloride in the surface 
water at distances greater than 20 ft from the 
mouth of the stream, even though mine water was 
entering the lake at a rate of 12,000 gpm and at a 
chloride content of 40,000 ppm. At a point 2 miles 
directly out into the lake, where the water is 50 ft 
deep, chloride could be detected in the lower 2 ft 
only, and the maximum concentration at this point 
was 500 ppm. 

Thus, in spite of the tremendous quantities of salt 
involved, disposition has been so gradual and pro- 
longed that no difficulty has been encountered in 
holding the effect on the public water supply to an 
absolute minimum. 


‘A. C. Lane: The Keweenaw Series of Michigan, Michigan Geo 
logical and Biological Survey, vol. 2 
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INERAL engineering student enrollment in 
En ineerin U. S. and Canadian schools for 1955-1956 is 
g g 11,408, an increase of 11 pct more than last year. The 
undergraduate and graduate engineering students in 
both countries number 251,765, or 13 pct more than 
last year. These figures have been released by the 

American Society for Engineering Education.’ 

The largest increase in the undergraduate mineral 
engineering group in the U. S. is in ceramic engi- 
neering, with 676 students, or 31 pct more than last 
year. The next largest increase is in mining which 
shows a gain of 13.5 pct, compared with a gain of 
13.1 pet in the total undergraduate enrollment in all 
engineering schools approved by the Engineers’ 
Council for Professional Development. This figure is 
190,355, which approaches the prewar figure. Metal- 
lurgical undergraduates increased 13 pct; geological, 

Nn ro ment 5 pet; and petroleum, 2.5 pct. This year the figures 
for geophysics are combined with those for geologi- 
cal engineering, making a total of 1610 undergradu- 
ates, of which the geophysicists comprise about one 
seventh. 

Again this year, the metallurgical freshman class 
is smaller than the three other classes. This may be 
accounted for by the segregation of the metallurgi- 
cals from other students in the first year, such as 
with chemic: 's, a condition that obtains at a number 
of engineering schools. A partial answer to this situ- 
ation’ is that last year’s entering class of metallurgi- 
cals, of 451 students, now numbers 619 in its second 
year. 

Among the 23,733 first degrees conferred last June 
by U. S. and Canadian schools, 1361 were to mineral 

Report engineers in the U. S. Of these, 183 were in mining, 
436 in metallurgy, 450 in petroleum, 86 in ceramics, 
and 206 in geology. 

This year 1191 women are studying engineering in 
the U. S. and Canada, or 12 more than last year. Of 
these, 36 were undergraduates in U. S. mineral en- 
gineering schools: 9 in metallurgical, 8 in petroleum, 
16 in ceramics, 2 in geology, and 1 in geophysics. 

On the whole, engineering enrollment is assuming 
the normal increase it was following before World 
War II, although the effect of the decreased college 
population during the 1930's has not been entirely 
erased, The comparative increase shows encourag- 
ing response to the publicizing, by national agencies, 

by William B. Plank of the unfavorable world situation of the U. S. with 


W. B. PLANK, Member AIME, is Emeritus Prof of Mining, 
Lafayette College, and Consulting Engineer, Morgantown, Po. 


Undergraduate and Graduate Engineering Enroliment in 216 Schools in the U. S. and Conado, 1955 to 1956" 


Sth ¥r. Total Grad. 
Courses Fresh. Soph. Junior Senior & Others Undergrads Students 


Mining 

Metallurgical 

Pet. and Gas 

Ceram 

Geological and Geophysical 
Total Mineral Engineers U.S. 
Chemical 

Civil 

Mechanical 

Electrical 

Industrial 

Other Engrs 

Unclassified 

Total Engrs. E.C.P.D. Schools 
Other U.S. Engr. Schools 
Total U.S. Engineers 

Total Canadian Engineers 
Grand Total, U.S. and Canada 


22232 


S-SeF 


* From Journal of Engineering Education, February 1956. 
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Grand 

‘ 31 343 209 24 1,186 53 1,239 

48 538 619 241 2,609 812 3,421 

22 1,032 1,125 182 4,030 165 4,195 

14 208 197 13 676 91 767 

3 do 444 500 ” 1,610 176 1,786 

2.565 2,740 469 10,111 1,297 11,408 

106 4,590 4,270 968 16,098 2.464 18,562 

. 136 6,166 5,950 2,016 23,784 2,276 26,060 

132 9,795 10,040 4,287 39,691 3,475 43,166 

136 12,173 12,374 4.549 45,835 6,481 52,316 

F 63 966 1,341 543 5,991 1,756 7,747 

5,364 4,707 1,353 18,066 3,258 21,324 

O4 19,522 2,353 8.689 30,779 561 31,340 

149 61,141 43,775 22,874 190,355 21,568 211,923 

67 11,684 7,066 4,231 31,093 374 31,467 

; 216 72,825 50,841 27,105 221,448 21,942 243,390 

10 2,662 2,042 282 6,097 278 8,375 

; 226 75,487 52,883 27,387 229,545 22,220 251,765 


Engineering Student Enroliment Comparison 
Undergraduates and Graduates 


1950 1951 1952 1953 1954 1955 
to te te 


Courses 1951° 1952* 


Mining 
Metallurgical 
Petroleum 
Ceramic 
Geological 
Total Mineral 
Engineers, U.S 
Chemical 
Civil 
Mechanical 
Electrical 
Industrial 
Other Engineers 
Total Engrs..ECPD 
Other U. 8. Engrs. 
Total U. 8S. Engrs. 
Canadian Engrs ‘ 5.433 
Total Engrs. U.S 


and Canada 184,547 171,070 162,361 200,227 222,178 251,765 


* Mintne April 1955 
** Journal of Engineering Education, February 1956. 


respect to the need for more engineers and scientists 
for modern industries and national defense. 

The present student response to the opportunities 
in all branches of mineral engineering, on which an 


Bachelor Degrees, All Engineers, U. S. and Canada 


1942 to 
1943 to 
1944 to 
1945 to 
1946 to 
1947 to 
1948 to 1949 


1949 to 1950 
1950 to 1951 
1951 to 1952 
1952 to 1953 
1953 to 1954 
1954 to 1955 
1955 to 1956 


* U. S., 22,589 and Canada, 1,144 
** Estimated—Fourth and Fifth Year Students 


Mining Engineers* 
Approximately 11,000 mining engineers were re- 
ported in the 1950 Census of Population. As would 
be expected, a large proportion (69 pct) were em- 
ployed in the nonmanufacturing industries, includ- 
ing 24 pct in mining and 26 pct in crude petroleum 
and natural gas extraction. About one quarter of 
the mining engineers were employed in the manu- 
facturing industries, largely in petroleum and coal 
products. Less than 5 pct were working for govern- 
mental agencies, and about 1 pct were employed by 

educational and nonprofit institutions. 


Distribution of Mining Engineers by Type of Employer, 1950 


Industry or Institution Pet of Total (11,000) 


Private industry 
Manufacturing 
Petroleum and coa! products 
All other manufacturing 
Nonmanufacturing 
Crude petroleum and natura! gas extraction 
Metal mining 
Coal mining 
All other nonmanufacturing 
Government 
Educational and nonprofit 


* This report, including tables, is reprinted from Scientific Per- 
sonel Resources, p. 52, published by the National Science Founda- 
tion, 1955 


Graduate Engineering Enroliment, 1955 to 1956, U. S. and Canada” 


Degrees, 1054 
Courses us Pap 


Mining 
Metallurgical 
Petroleum 
Ceramic 
Geol, & Geophys 
Total Mineral 

Engrs. U. ECPD 
Chemica! 
Civil 
Mechanical 
Electrical 
Industrial 
Other Engrs 
Unclassified 
Total for ECPD Schools 
Other U. 8. Schools 
Total for All U. 8. Schools 
Canadian Schools 
Grand Totals, 

U. 8S. and Canada 


* From Journal of Engineering Education, February 1066 


adequate supply of mineral raw materials vitally 
depends, should encourage mineral engineering edu- 
cators and administrators of their institutions. How- 
ever, because of the rapid change and increase of the 
mineral sciences, educators should constantly rein- 
terpret the objectives of their fields to the young 
men of college age. 

The U. S. should assume leadership in educating 
mineral engineers, not only to serve domestic indus- 
tries, but for world service, as well. 


References 


'W. A. Jarecz and H. H. Armby: Engineering Enroliments and 
Degrees, 1955. Journal of Engineering Education, February 1066 

*W. B. Plank: Mineral Engineering Student Enroliment Passes 
10,000. April 1955, p. 357 


Forty-six pet of the mining engineers reported by 
the 1950 census had completed four years of college, 
and an additional 17 pct had completed five or more 
years. Eleven pct reported some college but less 
than four years, and about 25 pct reported four years 
or less of high school. 

One third of the mining engineers in the 1950 
census were 45 years of age or older, and about 7 pct 
were younger than 25 years of age. 


Distribution of Employed Mining Engineers by Level of Education, 
1950" 


Level of Education Pet of Total (10,480) 
Less than four years of high school 

Four years of high schoo! 

One to three years of college 

Four years of college 

Five or more of college 

Years of school not reported 


Distribution of Employed Mining Engineers by Age, 19501 


Age Pet of Total (10,880) 


Under 20 years 

20 to 24 years 

25 to 4 years 

35 to 44 years 

45 years and over 
Median age, 38 years 


' Source; U. 8. Department of Commerce, Bureau of the Census, 
1950 Census of Population, Special Report PE. No. iC, Occupation 
by Industry 
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— 46 7 a4 2 
1,168 1,089 1,118 1,239 
3,085 3,159 3,050 3,421 62 29 19 16 
3,448 3,772 4,110 4,195 145 31 26 i 
579 557 626 767 F 
1,173 1,249 1,370 1,786 975 422 277 
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39,364 43,557 47,224 52,664 18.110 3,458 4,339 704 
158,518 171,832 187,454 211,923 ‘472 "40 
18,031 21,501 26,960 31,467 
176,549 193,333 214,414 243,390 
5,812 6,894 7,764 8,375 
66.608 3.887 ve 
14,714 54,441 
11,155 43,762 . 
4,724 31,660 
8,219 25,332 
19,272 23,272 
30,018 23,733° 
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Dean Holbrook Reviews 


Ore Dressing’ Progress 


ELMER A. HOLBROOK 


Based on remarks by E. A. Holbrook at the 
MBD luncheon Feb. 23, 1956. Dean Holbrook 
has accomplished so much in the field of min- 
eral industry education that he was selected 
as the first receipient of the Mineral Industry 
Education Award. The citation read, in part, 
“for his notable leadership in teaching and 
administration in the field of mineral industry 
education; for his administration services in 
the field of mineral technology, especially as 
they appertained to research and safety; and 
for his encouragement, friendship, and inspira- 


tion to his many students and colleagues.” 


You moderns think of your field of work as “Min- 
erals Beneficiation”; to me it always will be “Ore 
Dressing.”” While I would like to talk with you on 
the future of ore dressing rather than the past, I 
cannot do this because I started to work in the field 
some 56 years ago, and my future is behind me. 

It is trite to remind you that then, in 1900, one 
out of every 30 high school graduates went on to 
higher education. Today, the figure is one in every 
three. So that, while you have a lot more men to 
compete with, the field of opportunity has expanded 
even more. 

In the 1890's, the iron and steel industry held a 
symposium in Pittsburgh on how to prepare for 
leadership in this industry. The solemn verdict was 
that a boy should leave school at 16 and enter the 
industry on the pit floor, and work himself up by 
hard knecks, Quite a change today. 
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As of 1900, I regard ore dressing as an art, and 
often a secret one at that. Many ore dressing people 
I knew then were German or English, or had studied 
in Germany. Indeed, I remember several American 
leaders who had studied the art at the Bergacademie 
at Freiberg, Germany. This was a mark of distinc- 
tion. I think they were inclined to be dogmatic and 
to feel that anything good in ore dressing came from 
abroad, although one man in speaking of what his 
buddy learned in Germany told me: “He was in 
Freiberg a whole year and all he learned of ore 
dressing in German was to say, ‘Ein Glas Bier.’” 

In precious metals, especially in the development 
of the cyanide process, some very good men came 
out here from the Cornwall (England) School of 
Mines. Some of them had practiced in Australia or 
in South Africa. 


* Please refer to first paragraph in text. 


| | 


When I went to college in 1900 to study what you 
would call a four-year combination mining and 
metallurgical course, I was told that I had to take 
two years of French and two years of German, and 
why—*“Because,” they said, “there is little published 
in the United States on mining, ore dressing and 
metallurgy, and so you must be prepared to study 
in French and German.” 

So, after a while, I waded into the Lehrbuck der 
Aufbereitungskunde, by Peter von Rittinger, pub- 
lished in Berlin in 1867 (note the date). My first 
assignment was Die Dampfmachine or steam engine 
which turned out to be much like a steam engine 
I had tended one summer in a saw mill. Then, in 
French, we had a book Cours d’Exploitation des 
Mines, by J. Callon, published in Paris in 1878. I 
remember about screening at an ore dressing plant 
in Algeria. The article said “The capacity of the 
screen depends on the strength of the worker.” Not 
so helpful to a man who would later help to develop 
vibrating screens. 

But all joking aside, I must confess that these 
books gave me a foundation I could not have received 
at the time in English. 

The first good English book on our subject was 
The Dressing of Minerals, 1909, by Henry Lewis. 
But it is to Robert H. Richards that we owe most. 
He was professor of mining and ore dressing at 
Massachusetts Institute of Technology for years. In 
1906 he brought out his great work The Dressing 
of Minerals which, for the first time, gave dominant 
place to practice here in America. I have heard it 
said that the book was out of date before it was 
finished. However, the point is that for the first 
time he brought together what until then was to be 
found only in scattered articles, or even not at all. 
He experimented in the ore dressing laboratory. His 
was the first real ore dressing laboratory in this 
country and became the model for many later school 
laboratories. He gave us a foundation on which to 
build. To me, Richards and his assistant, Charles E. 
Locke, changed ore dressing from a rule-of-thumb 
art and put it on an experimental scientific basis. 

I once assisted Dr. Richards on experiments on 
free and hindered settling of mineral particles in 
water. There was a long glass tube filled with water 
extending up through two floors, and after I had 
dropped a cupful of pebbles in at the top, I could 
hear him, on the floor below, clap his hands and 
say excitedly, “Good, good,” as the particles drifted 
downward. 

Some men have argued that other men had greater 
inventive genius than Dr. Richards or had build 
bigger and better plants. I am reminded of the story 
of two famous men going to Hannibal, Mo., to Mark 
Twain’s birth place. There they talked to an old 
native who had been Mark's boyhood friend. They 
said to him, “Don’t you know any stories?” “Yes,” 
he said, “I know more stories than Clements ever 
did.” “Then,” said they, “why are you not famous 
like Mark?” “Oh,” said the old man, “Mark writ 
down his stories.” And, so I say, that men in ore 
dressing, or in most profession, who “writ down” 
their stories for other people to read are the ones 
who rightfully succeed and gain fame. 

While I cannot dwell on the secrecy in which 
certain processes were held in the old days, I am 
happy that today this sort of thing has gone out the 
window. 


I came into ore dressing at a time when all were 


excited over the new cyanide process, and when we 
were fussing over the question of stamp mills vs 
tube mills. I guess I wrote in favor of the stamp 
mills because I knew how to run them. Today I can 
think of no better reason. It is like the story of the 
man who, one Saturday night jumped through a 
plate glass window. Later he was asked “Why did 
you do that?” “I don’t know now,” was the answer; 
“but at the time it seemed the proper thing to do.” 

Before 1908 the great foe in all types of mineral 
dressing was the slimes. We just could not treat 
them and I shudder to think of the many thousands 
of tons I let go down the gulches. Then, 75 to 80 
pet recovery of values in an ore was all we expected 
whether in gold, or lead, or copper. 

Great credit goes to J. N. V. Dorr for his develop- 
ment in the Black Hills of the Dorr settler for thick- 
ening slimes and discharging clear water, and for 
his classifier. I know of no other ore dressing device 
that has branched into so many other lines, includ- 
ing the modern sewage treatment plant, as has the 
Dorr Thickener. 

Ore dressing people meet one another in strange 
places. I remember in 1909 I was in Pachuca, Mexico, 
studying the Pachuca Tank—now obsolete—when I 
met a Deister concentrating table man. Four years 
later, at the University of Illinois laboratory, I did 
some early work on the use of tables for concen- 
trating fine coal. I wrote the Deister Co, and was 
surprised to have my former Pachuca friend appear 
at the University. This renewal of acquaintance led 
to the introduction of this type of table into the 
anthracite field. 


The present-day engineer should know of the 


troubles we used to have in trying to screen either 
fine or damp ore on the old-fashioned shaking 
screen. Like so many other modern inventions, the 
present high speed vibrating screen has been the 
work of a lot of men, working at different places, 
each one adding something to help solve the screen- 
ing problem. More and more I am sure that in 
minerals beneficiation the days of the old-time in- 
ventor, working in closed circuit with himself, are 
gone. The easier things have been done. However, 
batteries of men working collectively will, in the 
next 50 years, make more progress than has been 
made even in the past 50. 

One cannot review mineral preparation without 
reference to what oil and froth flotation has meant 
About 1906 I began to read of experiments on the 
subject. Some one called it “ore dressing upside 
down,” and how we laughed! At Trail, B.C., about 
1909, they brought in a vacuum oil flotation machine 
called the “Elmore.” As one of my companions on a 
visit there said, “It will not work. It’s agin nature!” 
My first experiments without any guide were not 
very successful. If a little oil was good, more must 
be better. You can imagine what a mess I came out 
with! Today, we all know that flotation revolu- 
tionized mineral dressing. 

Finally, there is a fundamental about the pro- 
fession that makes it worthwhile for a life work 
I give it to you thus: 

It has been said that the writing of the English 
language reached perfection with Shakespeare; and 
that music reached perfection in the songs of Schu- 
bert. In your profession, as in all engineering, per- 
fection never will be reached. There will always be 
something left for you to better. This, I think, is 
the great glory of our profession. 
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ii 


by Jerrold Marcus 


Siberia 


Japan 


Although Korea will never be a major mineral producer, it can 
add an important increment to her present economy if the 
factors now restraining mineral development are corrected. 


HE peninsula is roughly 700 miles long and 180 

miles wide. The southern portion is the Ameri- 
can-sponsored Republic of Korea and the northern 
half is the Soviet-promulgated People’s Democratic 
Republic of Korea. The area of South Korea is al- 
most 40,000 sq miles, about the size of the state of 
Maine, and contains a population estimated at 22.5 
million, 

Prior to annexation by Japan in 1910, the Korean 
economy was based on a system of self-sufficient 
farming units, but with Japanese occupation it was 
geared to Japanese economy. Emphasis was placed 
on supplying raw materials for Japanese industry 
and food surpluses to help feed Japan, and on pro- 
viding a connecting link with Manchuria, tradition- 
ally a major raw material source for Japan. Small 
metal refineries, ore processing, and semi-finished 
goods manufacturing units grew into existence in the 
northern part of Korea, where much of the electric 
power is generated, Under Japanese domination, the 
south remained essentially agricultural. Food pro- 
ductivity was increased, although manufacture of 
elementary consumer goods was stimulated for Jap- 
anese markets. 

Although mining employs less than 1 pct of the 
working force, directly and indirectly it contributes 
considerably more to the South Korean economy. In 
a projection for 1954’ the gross national product was 
expected to be 1.905 billion U. S. dollars, of which 
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33 million were to be contributed by mining. Of the 
94.7 million dollars of exports of that same year 29 
million were represented by minerals. It was esti- 
mated that in 1954 minerals accounted for about 30 
pet of the foreign credits earned by the government. 
This high proportion of minerals in the total of for- 
eign credits does not represent an accurate picture 
for the future because it resulted from an assump- 
tion that the American Government’s heavy pur- 
chases at an inflated price of Korean tungsten con- 
centrates would continue. Also in this connection it 
must be remembered that other industries that 
normally produce exportable goods were heavily 
curtailed due to the war. A future range of 2 to 7 
pet of gross national exportable income during time 
of normal demand for tungsten is more realistic. 


Geology 

Most rock types ranging in age from Pre-Cam- 
brian to Pleistocene and recent occur in Korea. The 
lithology is important, since the sedimentary beds 
provided a structural host for most of the intrusive 
minerals in South Korea. Of prime importance in 
this connection is the Yokusen geosyncline, which 
transects the southeastern portion of the peninsula. 

Sedimentary Rocks: Major unconformities sepa- 
rate Tertiary, Cretaceous, Jurassic, and Pre-Cam- 
brian sediments. In the Jurassic there is a strong 
unconformity. There is no break in sedimentation 
between Mesozoic and Paleozoic nor between Cam- 
brian and Pre-Cambrian. The Siluro-Devonian has 
the longest hiatus. 


| 
4 
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Igneous Rocks: Most of the mineral deposits are 
genetically related to the igneous intrusives, partic- 
ularly the Cretaceous batholith, which is presumed 
to be the basement of the Korean peninsula. 

Intrusive Rocks: Granites including diorite and 
gabbro crop out over half of Korea in the form of 
dikes, sills, stocks, and batholiths. 

Extrusive Rocks: Flow rocks are principally rhyo- 
lite and andesite with smaller amounts of trachyte 
and basalt. 

Metamorphic Rocks: All Pre-Cambrian and most 
Paleozoic and Mesozoic sedimentaries are meta- 
morphosed to varying degrees. Much of the meta- 
morphism is dynamic in origin, as exemplified by 
the almost complete conversion of many coals to 
graphite. Thermal metamorphism is also important. 
It is apparent that there were high igneous temper- 
atures, because many of the ore deposits have large 
accompanying skarn zones. 


Mineral Survey 

Mining of any consequence did not begin until the 
turn of the last century when concessions were 
granted to American, British, and French companies 
to mine gold. In the 1920’s after annexing Korea, the 
Japanese gradually forced the foreign concession- 
aires out. 

During World War I small-scale mining of a few 
strategic minerals was undertaken. In the boom 
period of the 1920’s production increased as Japan 
turned to Korea to obtain raw material for her rap- 
idly expanding industrial economy. Although world 
mineral production declined in the early 1930's 
Korean production accelerated. After 1938 another 
sharp advance in mineral production occurred as the 
Japanese war machine began to tool up for the com- 
ing world conflict. Peak production was reached in 
1944, when more than a thousand mines along the 
peninsula produced 13 million metric tons of miner- 
als, of which 400 mines in South Korea produced 2 
million. 

Tungsten: In recent years, and particularly during 
the Korean mobilization, tungsten has been the most 
important mineral export of South Korea. It was 
estimated that 42,500 metric tons of 60 pet WO, con- 
centrate were produced from 1927 to 1954, with 
large-scale production beginning in 1941. 

In 1953, 68 pct of the output was mined from the 
following: 


Deposit Metric Tens 


Sangdong 

Sangdong (Tailings Placer) 
Daisung 

Chongyang 

Okbang 

Wolak 


More than 100 smaller deposits produced the re- 
maining 2400 metric tons of concentrate. The 1953 
production was purchased by the Korean Govern- 
ment and sold primarily to the U. S. Government 
under terms of the U. S.-Republic of Korea tungsten 
agreement of 1951. In 1953 Korea accounted for 20 
pet of total U. S. imports of tungsten concentrate; 
Korea was the fifth largest world producer, account- 
ing for 6.5 pet of the total for that year. In April 
1954, the U. S.-Republic of Korea tungsten agree- 
ment was cancelled and Korean tungsten at subsidy 
price became unsaleable. Unable to meet the grow- 
ing world competition, Korea has now ceased large- 
scale tungsten mining. 

Deposits vary in geological character. Sangdong, 
considered to have the largest potential of any tung- 


sten mine in the world, is a tactite containing scheel- 
ite; Dalsung is a pipe containing scheelite and wol- 
framite plus copper; Okbang is a pegmatite which 
shows only scheelite; Chongyang and most of the 
smaller deposits are quartz fissure veins of wolfra- 
mite. Overall reserves are promising. Proven ore 
exceeds 2.5 million tons containing more than 1 pct 
WO, and possible ore is calculated at 1 million tons 
of the same grade. It has been estimated that Korea 
has 4.3 pct of total world reserves. 


It should also be noted that Korean bismuth is a 
byproduct from tungsten mining at Sangdong in the 
ratio of 1:8. During peak operations at Sangdong in 
1952 and 1953 the bismuth output was sufficient to 
make Korea a major world source. 


Gold: Until Japan entered World War II, gold was 
Korea's prime mineral product. Probably half the 
mines and mineral prospects in South Korea were 
operated primarily for gold which prior to World 
War II accounted for 3 pct of the total national in- 
come and more than half the value of all minerals 
produced. It was estimated that 100 million g were 
concentrated from 1925 to 1954. Deposits are either 
associated with the main Cretaceous batholith in 
lodes or found in placers in conjunction with heavy 
sands including monazite. The lode deposits ac- 
counted for more than 70 pct of the production. Of 
the 7,470,336 g produced in 1944, the Ongjin-Haeju 
lead-zinc mine produced more than 1 million g; 
however, this mine is presently occupied by the 
North Koreans. The Kumjong, now regarded as 
practically exhausted, and Kubong mines and the 
Kumije, (kum in Korean means gold), placer pro- 
duced more than a half million grams each. Eleven 
other mines or placers yielded over 100,000 g each 
and 72 smaller mines contributed more than 20,000 g 
each. Probably more than a hundred other mines 
produced under 20,000 g each. In recent years a 
Korean mining company has been producing gold 
from four of the larger lodes at 60,000 g per month. 
It is hoped that yearly output will reach 2 million 
g. Lode gold is primarily free-milling although as- 
sociated with sulfides. 

The largest placer deposit, in the Kumje region, is 
20 to 25 km long east to west and 5 to 10 km north to 
south along the Wonpyong River. 


Coal: Coal of two different ages is found in Korea, 
a high rank, low grade Permo-Triassic semi-anthra- 
cite, and a low grade lignite from the Oligocene, The 
lignite is relatively unimportant. No coking coal is 
known, although blending these coals with Japanese 
coking coals improves coking action. Consequently, 
these coals can be used only as sources of power or 
space heating in Korea, With no natural gas or 
petroleum, few good hydroelectric sites, and rapidly 
diminishing timber supply, Korean coals may well 
become the keystone of the economy 

Unfortunately, these coals are high in ash and 
graphite and are very friable due to graphite inter- 
ference with cohesion between particles 

Briquetting solves the friability problem, but only 
by washing can the high ash content be reduced. Re- 
cent sink-float tests by the U. S. Bureau of Mines’ on 
one of the coals indicate that 30 pet of the ash can be 
eliminated at 50 pct loss of head feed, The most im- 
portant coal fields, found in extremities of the Yuku- 
sen geosyncline, are located at Samchok, Hwasun, 
Unsong, Tanyang, Yongwol (Macha-ri), and Sam- 
hungsa. Estimated coal production from 1927 to 1954 
was 17.5 million metric tons. 
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Large deposits of coal are known to exist in the 
Hambaik area midway between Macha-ri and Sam- 
chok, but due to extensive faulting reserve estimates 
are unreliable. It should be noted that faulting and 
steep dips of the coal-bearing Sadong series are 
common, making mining difficult. Coal reserves for 
South Korea have been estimated as follows: 


Type Metric Tens, Millions 


Anthracite 
Lignite 
Peat 78 


500 to 2000 
3 


Graphite: Production quantity-wise has made 
Korea at times the largest producer of graphite, but 
95 pet of this product has been the low grade amor- 
phous variety, The remaining 5 pct was crystalline 
graphite used primarily for crucibles. From 1940 to 
1945, 165,485 tons of all grades were mined, of which 


Table |. Korean Graphite Production Compared with World Total 


Year 


1944 to 48 (average) 


The Sandong mill, largest Free-World potential source of tungsten. During peak operations at Sandong in 1952 and 1953 the 
bismuth output wos sufficient to make Korea a major world source. 


three mines accounted for 74 pct. During this time 
about 6000 tons of the total were of the crystalline 
or high grade amorphous variety. Samgong, Oryu, 
and Kyeryong mines were the principal producers. 
Estimated reserves of all grades of graphite are 
550,000 metric tons. Plans are being made to con- 
struct a 200 ton of head feed per day mill at the 
Oryu deposit. 

Small deposits of molybdenum, lithium, tin, beryl, 
fluorite, talc, heavy sands containing monazite, and 
some industrial rocks and minerals can be mined at 
a profit. Submarginal deposits of lead, zinc, copper, 
iron, manganese, cobalt, nickel, alunite, asbestos, and 
pyrophyllite have been mined by the Japanese under 
high subsidies. 

Few Koreans received business or technical train- 
ing during some 35 years of Japanese dominance. 
This situation was particularly acute in the mineral 
industries that contained probably not more than a 
half dozen graduate engineers. A small mineral test- 
ing laboratory setup near Taejon has been doing ex- 
cellent work in improving methods of concentrating 
gold and heavy minerals found in placers. Another 
step in the right direction has been the setting up of 
a practice mine to train future mine and mill fore- 
men, 
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Jeffrey Mine 


Celite additive 
improves workability 
and placeability. 


by H. H. Waller 


C. H. Brehaut 


T the Jeffrey mine of Canadian Johns-Manville 

Co. in Asbestos, Que., automatic batched con- 
crete from surface is placed underground pneu- 
matically for distances of 2500 ft directly into forms 
or to a second placer for greater distances, through 
6-in. pipe of high carbon steel. The use of Celite 
C-4-C in addition to the usual aggregates achieves 
greater compressive strengths, lowers cost, reduces 
segregation, and improves workability and place- 
ability results. Each year 25,000 cu yd of concrete are 
placed without interrupting production and develop- 
ment work in the mine, making possible a cheaper 
concrete that can be poured wherever and whenever 
it is needed. In about 90 pct of the underground 
openings in the Jeffrey mine concrete is necessary to 
preserve them in their original sizes and shapes for 
production. In the remaining 5 pet, the greater por- 
tion is united with or without steel support. 

When large quantities of concrete were forecast 
for underground use at the Jeffrey mine, preliminary 
and first hand information regarding pneumatic 
placing was acquired from articles by Bernhardt’ 
and Swanson’ and visits to their respective mines. 

In June 1953 the air-blowing system was placed 
in operation. Waller, Monroe and Smyth’ have pre- 
viously described the block caving practice at the 
Jeffrey mine, giving some details on the concrete 
practice. The ready-mix concrete plant, installed by 
the Noble Co., is located on the upper rim of the 
pit. Portland cement is handled in bulk by means 
of the Fuller airslide system. The aggregates—sand, 
gravel, and stone—are brought in by truck and 
dumped into 600-ton, covered, heated storage bins 
located behind and above the ready-mix plant. The 
aggregates are fed from the bins to an intermittently 
operated belt conveyor and discharged into smaller 
storage bins at the mixing plant. All the ingredients, 
including water, are accurately weighed before they 
are discharged into the mixers. The ready-mix plant 
has twin l-cu yd mixers so that one batch can be 
prepared while the previous batch is being dis- 
charged underground or into trucks. 


H. H. WALLER is Superintendent of Underground Mining, and 
the late C. H. BREHAUT wos Operating Engineer at the Jeffrey 
Mine, Canadian Johns-Manville Co. Ltd., Asbestos, Que. 


After the concrete is mixed for not less than 2 min 
it is discharged for surface distribution into trucks 
or is sent into a Press-Weld placer through a hopper 
filled while the previous batch is being blown under- 
ground. Compressed air at 90 to 100 psi is desired to 
convey concrete from the placer to underground 
concrete forms in slusher drifts, haulageways, and 
drawpoints. However, air pressure as low as 65 to 
75 psi can be used without too much difficulty. When 
the concrete is placed at distances greater than 2000 
ft, a second underground Press-Weld placer is used. 

Although most of the concrete poured at the 
Jeffrey mine is placed by compressed air, it is 
equally interesting to note that while the No, 2 shaft 
was being sunk in 1953 and 1954, concrete was 
poured directly into the forms from surface through 
a 6-in. pipe. Practically no difficulty was experi- 
enced throughout the 1400 vertical ft of concreting 
in the shaft. From the vertical pipe a 45° tee was 
used to discharge the concrete into an elephant trunk 
and into the forms. After the concrete passed the 
600 ft level, there was no increased wear on the tee 
at the bottom, indicating that the falling concrete 
reached its maximum velocity at about that point. 
This operation was carried on with a crew of four 
men pouring up to 70 cu yd in an 8-hr shift and a 
total of 9800 cu yd for the job. 

From the surface placer the concrete is blown 335 
ft down a 30 pct slope to the collar of No. 3 service 
shaft, then 430 ft down the shaft and 1050 ft hori- 
zontally in the haulage drift to the second placer or 
to the forms. The concrete passes through 6-in. vic- 
taulic high carbon steel pipes. Changes in direction 
are made by various fittings and by a 6-in. diam con- 
crete placing hose, which is used in many places 
where rigid fittings are not suitable. 

Operation Plant: After the 600-ton sand and rock 
storage bins have been filled, a two-man crew han- 
dles all work on the surface, namely, operation of 
mix plant and placer. On one of the three shifts 
there is a third man to unload cement and Celite and 
do clean-up work in general. ; 

The mix plant operator’s main job is at the auto- 
matic control station, where he weighs in the sand, 
aggregates, water, and Celite C-4-C and discharges 
the concrete into the placer or truck by push button. 
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He also operates the conveyor to charge the sec- 
ondary aggregate bins. 

After concrete has been placed in the placer by 
manipulation of air controls, the placer operator 
sends it through the pipes. At this point much seg- 
regation can be eliminated by proper technique. It is 
important not to blow the batch too long, because 
some slurry is needed to travel with the leading part 
of the next batch. In effect, the slurry in one batch 
or slowest blown part of one batch mixes with the 
fastest traveling part of the next batch. It is not pos- 
sible to set a time schedule of blowing because of 
variation in distances and air pressures. The opera- 
tor, who must know how long to blow a batch, con- 
trols the time chiefly by ear and differential of air 
pressure. 

Once the concrete is shot into the pipes it is 
placed in the forms by pipemen, who see to it that 
the concrete is vibrated, that any leakage is stopped, 
and that the forms are not allowed to bulge from air 
pressure or large volumes of unset concrete. Satis- 
factory concrete is placed regardless of the contours 
of rock walls or such small corners of the forms as 
occur in drawpoints. Using 72-in. folding scrapers 
and 125-hp hoists, the average slusher drift, which 
is completely concreted, produces approximately 
350,000 tons in its life, with a minimum of repair. 

Equipment; Ten-ft lengths of 6-in. pipe are used 
for ease and adaptibility in replacement and original 


ABOVE: Weighing scales and 
dials used at Jeffrey mines. All 
ingredients, including water, 
are accurately weighed before 
materials are discharged into 
the mixer. RIGHT: Press-Weld 
placer, showing hopper and 
discharge line. 
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installation. Sections of pipeline, between major 
changes in direction, are placed in as straight a line 
as possible, horizontally and vertically. With no re- 
pair necessary, 31,000 cu yd of concrete have passed 
through the section of pipeline 1000 to 1400 ft from 
the surface placer. Pipes are turned at regular inter- 
vals to equalize wear depending on the position in 
the line, and when a pipe wears through, a patch is 
placed and the pipe revolved 180° to give additional 
life. Several lengths of standard steel pipe lined with 
rubber % in. thick have been placed near the end 
of the discharge line from the first placer. To date 
they have passed a large yardage of concrete, but 
were found uneconomical. Recent tests have shown 
that for the same original cost as standard steel pipe, 
high carbon steel pipe lasts two to six times as long. 
A pipe of steel alloy is under consideration for future 
trials. To prolong their life in yards of concrete 
poured, many changes are being made in all the fit- 
tings, such as the extra heavy 90° bend, the 27° 
bend, the thick-walled flanged manganese steel 45° 
elbow, the 6-in. tee, and the concrete placing hose. 
In the 90° bend, more concrete is poured with the 
replaceable casting made from a nickel alloy steel 
than from the original press-weld castings, e.g., 4500 
cu yd against 3000 cu yd. No experiments have been 
made with castings different from the original in the 
27° press-weld bends, but one bend, near the sur- 
face placer, has blown 32,000 cu yd, and the other, 
near the end of the discharge line from the surface 
placer, has blown 8000 cu yd of concrete before re- 
placement. The manganese steel 45° elbow with 
walls % in. thick has been found to pass 4000 cu yd 
of concrete before replacement. As with the stand- 
ard 45° elbows, the standard 6-in. tee gave poor 
performance. A special tee, 2 ft long with a 9 in. leg, 
enclosed in %-in. plate and concrete, is now made 
with one end blanked off for 90° change in direction 
and gives a creditable performance. The concrete 
placing rubber hose, 5-ply duck and round wire con- 
struction, is purchased in 10-ft lengths and a 6-in. 
victualic nipple is fitted in each end. Until first re- 
moval many hoses have a life of 3000 cu yd blown, 
others up to 7500 cu yd. When the hose is worn, it is 
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replaced, but when the soft end cuff of the hose has 
been broken it is cut off, and the nipple replaced. 

Applications: Although placing concrete with com- 
pressed air is not new, it is seldom used in ordinary 
construction because of the segregation problem.’ 

The compressed air tends to unscramble the con- 
crete during the blowing operation so that some seg- 
regation takes place when the concrete enters the 
forms. Reasonable care in handling the concrete and 
use of the additive, Celite C-4-C, will largely elimi- 
nate the segregation problem. From an economic 
point of view, use of air to transport concrete has 
many advantages and is gaining favor in many block 
caving mining operations in the U. S. and Canada. 
At the Jeffrey mine, concrete of 4000 psi at 28 days 
is desired. Because of the long distances—up to 2500 
ft—the concrete has to travel through the pipes it 
is necessary to use a very wet mix. It has been found 
that a concrete mix with about an 8-in. slump at 
the mixer may have a slump of 4 to 5 in. at the forms 
when one placer is used, and with two placers the 
slump at the forms may be 3 to 4 in. The loss in 
slump is believed due to moisture removed from the 
concrete by the air used in transporting it through 
the pipes. 

The sand used is an unwashed bank run material 
containing 1 to 8 pct gravel retained on the %-in. 
screen. The coarse aggregate is made up of 1/3 
crushed gravel and 2/3 crushed limestone. Ninety 
pet of the gravel passes the l-in. screen and all 
passes the 1%-in. screen. Ninety-five pct of the 
stone passes the 1%-in. screen and all passes the 
2-in. screen. 

Greater compressive strengths are obtained with 
an all-gravel aggregate than with an all-stone 
aggregate. In the Jeffrey mine area sufficient con- 


CONCRETINS PIPE 


Profile of central con- 
crete plant, Jeffrey mine, 
Asbestos, Que. 


Extra heavy 90° bend with replaceable castings. More con- 
crete is poured with replaceable casting made from a nickel 
alloy steel than from the original press-weld casting. 


crete gravel is not in sight at present for prolonged 
operations, and some stone must be used 

As many as 80 cu yd of concrete have been poured 
underground in one shift using one placer. Manu- 
facture of the concrete is under constant supervision, 
and it is the practice to obtain representative 6x12- 
in. cylinders from every 500 cu yd of concrete, The 
cylinders are usually fabricated underground at the 
point where the concrete is being placed in the 
forms. Compressive strength tests are made at 7 and 
28 days and some at 90 days using American Society 
for Testing Materials techniques. High quality con- 
crete is obtained by constant supervision. 
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able |. Physical Properties of Concrete Mixes of Different Design® 


Cement 
Factor? Sand/A 
Mix Sack Per Water/Cement gregate by 
Design** Cu Va by Weight Weight 
Plain 6.87 0.67 0.48 
C-4-C 6.50 0.60 0.46 
c4C 6.40 0.61 0.46 


* All mixes with 7 to 8-in. slump, ASTM type 1 Portland cement 


** Celite C-4-C added in the proportion of 2 lb per sack of cement. 


1 Canadian sacks of 67.5 Ib net 


Compressive Strength 


Materials 
Air Con- Costs Con- of 6x12-In. Cylinders 
tent, Pet erete, 
by Volume Per Cu Ya At 7 Days At 28 Days 
04 8.10 2260 (100) 2925 (100) 
3.5 8.41 3370 (148) 4295 (147) 
39 8.33 3240 (143) 4000 (137) 


1 All cylinders ASTM standard curing unti) tested, and each value is the average for two cylinders or more 


Table 11, Physical Properties of Celite C-4-C Concrete Showing Influence of Gravel and Stone Coarse Aggregate* 


Cement Materials Compressive Strength 
Alr Con- Costs Con- of 6x12-In. Cylinders? 
Mix Sack Per Water/Cement gregate by Gravel/Stone tent, Pet erete, 8 
Design** Ou Va by Weight Weight by Weight? by Volume Per Cu Ya At 7 Days At 28 Days 
c-4-C 6.78 0.60 0.48 All stone 3.4 8.80 2700 3770 
Cc4-C 6.71 0.50 0.46 0.5 3.7 8.58 2755 3880 
Cc-4-C 6.65 0.58 0.42 1.0 29 8.58 2765 3950 
C-4-C 6.67 0.55 0.39 2.0 3.3 8.54 3090 4240 
c-4-C 6.60 0.54 0.37 All gravel 3.1 8.31 35905 4345 


* Ali mixes with 6-in. slump, ASTM type 1 Portland cement 
** Celite C-4-C added in the proportion of 2 Ib per sack of cement 
| Canadian sacks of 87.5 Ib net 


t All cylinders ASTM standard curing until tested, and each value is the average for two cylinders or more 


Celite C-4-C Properties: For the past two and 
half years, all concrete at the Jeffrey mine has con- 
tained a new concrete additive, Celite C-4-C, which 
is being manufactured by the Celite Div. of 
Johns-Manville, Lompoc, Calif. Celite C-4-C is a 
dry powder composed of a specially processed dia- 
tomite, the most reactive of natural pozzolans, and 
a water-reducing, air-entraining agent. The defini- 
tion of a pozzolan according to ASTM is “a siliceous 
or siliceous and aluminous material, which in itself 
possesses little or no cementitious value but will, in 
finely divided form and, in the presence of moisture, 
chemically react with calcium hydroxide at ordinary 
temperatures to form compounds possessing cementi- 
tious properties.” As measured by the Klein hydro- 
meter, the diatomaceous earth in this product has a 
specific surface of about 15,000 sq cm, roughly eight 
times the fineness of Portland cement.’ The diatomite 
in this product has a very low water requirement. 

Comparative Costs: Many investigations have 
been made at the Jeffrey mine on plain concrete and 
concrete containing C-4-C. Some of this data shows 
substantial increase in compressive strength when 
Celite C-4-C is added to a plain mix. Workability 
and placeability were improved, reducing segrega- 
tion. The additive gives a fat, buttery concrete mix 
that reduces to a minimum both bleeding and the 
tendency of aggregates to settle." When the cost of 
1 cu yd of concrete was computed on the basis of 
4000-psi strengths for the plain and C-4-C treated 
concrete, $8.87 per cu yd was obtained for the plain 
concrete and about $8.37 for that treated with C-4-C. 
This is a saving of approximately 50¢ per cu yd, or a 
saving of $12,500 on 25,000 cu yd per year. 

To determine the merit of stone aggregate vs 
gravel aggregate in the Jeffrey mine concrete, a 
series of tests were run where the mixes ranged 
from all-stone to all-gravel in progressive steps. The 
aggregates in these tests were the same as those used 
previously in tests reported in Table I. Table I 
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shows the important physical properties of the 
Celite C-4-C concretes obtained from this series of 
tests. 

Compressive strengths at 28 days increased pro- 
gressively from all-stone to all-gravel concrete with 
the use of Celite C-4-C. These increases are in keep- 
ing with the reductions in the water cement ratio 
for the various sizes. 


Conclusion 

Under the present system of mixing and placing 
concrete at the Jeffrey mine, it is possible to mix 
good concrete and to place it at low cost per cubic 
yard. In addition, this concrete can be poured when- 
ever and wherever needed in the underground 
workings with minimum obstruction to production. 

Although the concreting methods and equipment 
are being improved continually, it is certain that the 
highest state of efficiency has not yet been reached, 
and continual experiments will take place in the 
future. 
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The Fuller’s Earth Industry 


Florida 


LLER’S earth is an inexact term applied to cer- 
tain clays that have a marked ability to adsorb 
coloring materials from animal, vegetable, and min- 
eral oils. Many clays have this adsorbing power to 
a slight or very limited degree, and certain other 
clays, chiefly bentonites, as well as minerals such 
as bauxite, can be made highly adsorbent by activa- 
tion with acids or alkalies, but the term fuller’s earth 
is generally reserved for clays that are naturally 
highly adsorptive. In most fuller’s earths and prac- 
tically all activable clays montmorillonite is a dom- 
inant mineral. No definite clay mineral or group is 
implied in the name fuller’s earth, and the distinc- 
tion between fuller’s earth and other clays that have 
more or less bleaching power is not sharply drawn. 
The name as generally used has no genetic or min- 
eralogical significance. The fuller’s earth produced 
in the Florida-Georgia district contains the clay 
mineral attapulgite. This mineral name was first 
used in 1930 by DeLapparent to apply to a hydrous 
aluminum magnesium silicate found in the fuller’s 
earth from Attapulgus, Ga., and Quincy, Fla. An 
essential component of its structure, determined by 
Bradley in 1940, is that the silica chains of the mole- 
cule are arranged similarly to those of the amphibole 
minerals. The fibrous nature of the lath-like crystals 
of attapulgite is apparent under magnifications 
reached by the electron microscope. The ideal 
formula, [(OH,), (OH), Mg, Si, O,..4H,O], contains 
no aluminum, but there is considerable replacement 
of the magnesium by aluminum. In the classifica- 
tion of clay minerals, attapulgite is associated with 
sepiolite and polygorskite rather than with mont- 
morillonite. 
J. L. CALVER is a Geologist with the Floride Geological Survey, 
Tallahassee, Fla. 


by James L. Calver 


A MINERALS AND CYEMICALS 
CORP OF AMERICA 


Georgia 


Use of fuller’s earth for its adsorbent properties 
dates from ancient times, and the clay-like earthy 
substance obtained its name because it was the 
material used by fullers to full, or remove, grease 
and fat from woolen cloth. The first discovery in the 
U.S. of clay suitable for fuller’s earth was made in 
1893 at Quincy, Fla., where the earth has been pro- 
duced commercially since 1895. Extensive deposits 
of the clay occur in Gadsden County, Fla., and in 
Decatur County, Ga., where mining began in 1907. 
Since 1896 details of mining and production have 
appeared annually in publications of the U. S. Geo- 
logical Survey and the U. S. Bureau of Mines 

Review of Production in the U.S.: From these re- 
ports it may be seen that for many years the U.S 
has been the world’s leading producer and consumer 
of fuller’s earth. Domestic production increased 
steadily to a peak of more than 335,000 tons in 1930, 
almost parallel to the increase in petroleum produc- 
tion. During the next decade the industry experi- 
enced a sharp decline in production to a low of about 
146,000 tons in 1940. This decline is attributed to 
changes in petroleum refining methods, increased 
use of colored gasolines, and the substitution of 
activated bentonites, activated bauxite, and syn- 
thetic magnesium silicate in the mineral oil bleach- 
ing industry. 

The graph of U.S. production of fuller’s earth for 
the years 1940 to 1952, inclusive, shows that annual 
production has increased steadily since 1940, reach- 
ing a peak of 483,000 tons in 1951 

Until 1924 Florida was the largest producer of 
fuller’s earth. From that year until 1935 production 
from Georgia exceeded that from Florida. Since 
1936 production data for these states have been 
combined. In the years 1942 and 1943 the total out- 
put from Florida and Georgia amounted to 40 pct 
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of total U.S. production.. Ten years later in 1952 and 
1953 production from Florida and Georgia accounted 
for more than 60 pct of the tonnage and 70 pct of 
the value of fuller’s earth mined. Other producing 
states include Texas, Tennessee, California, Nevada, 
and Utah. 

Florida-Georgia District: In recent years the en- 
tire production from Florida has come from Gadsden 
County, although fuller’s earth was formerly mined 
in Marion and Manatee counties. In all these areas 
the fuller’s earth beds form a portion of the Haw- 
thorn formation of middle Miocene age, but this 
discussion is limited to the Florida-Georgia district. 
Other fuller’s earth deposits near Macon, Ga., are 
likewise excluded from this discussion. The geo- 
logic maps of Florida and Georgia show sizable 
areas of middle Miocene sediments at the surface in 
Gadsden County, Fla., and in the portions of Decatur 
and Grady counties, Ga., that are included in the 
fuller’s earth district. 

Location of the active mines and plants in the 
district is shown on the sketch map. The Floridin 
Co. has five mines in Gadsden County, Fla., that 
supply the processing plant at Quincy. The Minerals 
& Chemicals Corp. of America has three mines in 
Decatur County, Ga., and two in Gadsden County, 
Fla., that supply its mill at Attapulgus, Ga. 

Geology: Exposed at the surface throughout the 
district, the Hawthorn formation is nearly hori- 
zontal and attains a thickness of more than 200 ft. 
The city of Quincy water well penetrated 210 ft of 
sediment assigned to this formation. There are both 
continental and marine fossils above and below the 
fuller’s earth beds, indicating that sediments were 
laid down during a transitional period, probably in 
shallow fresh water along a sea coast. Throughout 
the district the Hawthorn formation contains lenses 
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of fuller’s earth and of dolomitic limestone but, for 
the most part, consists of poorly sorted, coarse to 
fine grained argillaceous sands. In a typical section 
as exposed in the mines there are two beds of fuller’s 
earth: 1) the upper bed varies from 2 to 8 ft thick 
and is usually intermixed with other clays and 
sand; 2) the lower bed varies in thickness from 2 
to 16 ft. These beds are separated by a stratum of 
gray, clayey sand, usually less than 5 ft thick, in 
which manatee and other vertibrate fossils are 
found, as well as pectens, oysters, and fossil wood. 

Average thickness of the lower clay bed as ex- 
posed in the producing mines is approximately 6 ft 
and the maximum thickness on record is 16 ft. 
Moisture content of the freshly mined fuller’s earth 
varies from 45 to 55 pct and is related to thickness 
of overburden, seasonal rainfall, and other factors. 
As indicated by current mining practices in the dis- 
trict, the average ratio of overburden to clay lies 
between 6:1 and 7:1. These maximums have a ratio 
of overburden to clay of 13:1. 

Mining practice consists of removing overburden 
by dragline, bulldozer, or pan-scrapers, depending 
on depth of overburden and the distance it must be 
moved. The clay bed is carefully cleaned and the 
dragline loads the clay on trucks for removal to 
processing plants. Very little blasting is necessary 
in removing the overburden, but the clayey sand 
layer between the beds of fuller’s earth may require 
blasting to loosen it sufficiently for removal by 
dragline. 

Preparation: In the preparation for market three 
processing treatments are utilized to control the 
properties of fuller’s earth: extrusion, drying, and 
milling. In the extrusion process the crude fuller’s 
earth is crushed, kneaded with water in a pug mill, 
and then fed through an auger-type extruder in 
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Floridin Co.'s plant, Quincy, Fla., showing the size of the 
operation. 


which the plastic earth is forced through openings 
of about %-in. diam to form rods of fuller’s earth. 
By this process the laminations in the earth are dis- 
rupted, the apparent density of the material is 
lowered, and both porosity and decolorizing capacity 
of the product are increased considerably. 

Drying temperatures have a marked effect on 
plasticity, dehydrating capacity, and decolorizing 
capacity. For the colloidal product that will dis- 
perse readily in water, as in drilling muds, it is 
necessary to dry the clay at relatively low tempera- 
tures, that is, below 250°F. To develop maximum 
absorptive capacity, higher drying temperatures are 
required. Absorbent grades of fuller’s earth for use 
on floors are dried at temperatures above 700°F to 
prevent the product from mudding up in water. 

The milling process consists of a series of crush- 
ing, grinding, and sifting operations to produce 
granules and powders. Grades produced range from 
granules of 16 to 30 mesh to powders 90 to 95 pct 
finer than 325 mesh. 

The air view of the Floridin Co. plant at Quincy 
shows the size of this clay operation. A view of the 
plant at Attapulgus, Ga., owned by the Minerals & 
Chemicals Corp. of America, shows an installation 
of similar magnitude. 

Uses: With reference to the graph showing various 
uses, it may be seen that filtering, decolorizing, and 
refining mineral oil and vegetable oil constituted 
the main uses for fuller’s earth through 1943. From 
1941 through 1952, small tonnages were also used 
for filtering, purification, and clarification. Fuller’s 
earth in powdered form is a floc-building agent that 
hastens the settling of suspended matter and helps 
reduce taste, color, and odor of water. For many 
years fuller’s earth has been on the market for use 
in rotary drilling muds, but advances made in well- 
drilling techniques in 1943 and 1944 resulted in 
increased tonnages to be used by the petroleum 
exploration industry. Beginning in 1943 granular 
grades of fuller’s earth were first marketed for 
absorbent use. An immediate success, the product 
not only absorbs free oil, grease, and other liquids 
but also, when left on the floor as a thin covering, 
draws accumulated oil or liquid out of the floor. This 
cleaning agent finds use in service stations, factories, 
machine shops, bakeries, and other establishments 
where oil and grease spills are likely to occur. 
Measured in terms of tonnage consumed annually, 
these absorbent uses have become the second most 
important market for fuller’s earth. In 1946 the 
large adsorption capacity of pulverized fuller’s earth 


Attapulgus plant, Ga., owned by the Minerals and Chemicals 
Corp. of America. 


was utilized in processing the newer organic insec- 
ticides such as DDT, parathion, chlordane, and 
rotenone. It has become an important carrier of 
these insecticides and fungicides, and these uses 
rank third in terms of tonnage consumed. Since 
1950 fuller’s earth has been used as a mineral filler 
in soaps, toilet powders, some plastics, polishes, and 
paints. 

Manufacture of two new products announced dur- 
ing the past two years shows promise of utilizing 
large quantities of fuller’s earth: 1) Multi-purpose 
greases formulated with from 2 to 11 pct attapulgite 
possess a combination of several excellent proper- 
ties. They are serviceable over a wide temperature 
range; they have no melting or dropping points; 
and they can absorb more than their own weight of 
water without change in consistency. Such greases 
may be made from many different oil stocks. 
2) Attapulgite is also used in the new specially 
treated paper that provides multiple copies of busi- 
ness forms without carbon sheets. This paper makes 
use of the reaction between two different chemical 
coatings applied to the paper. The underside of the 
first sheet in a business form is coated with a color- 
less dye and the upper side of the second sheet with 
a nearly colorless coating that contains fuller’s 
earth. Impact of a typewriter character or pressure 
of a pencil on the first sheet drives the colorless dye 
into contact with the clay coating on the second 
sheet. An immediate chemical reaction causes the 
clay to turn blue, and a clear, sharp, smudge- 
resistant copy results on the second sheet. As many 
as 10 copies can be made by this impact method. 
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by Harold E. Rowen 


INTERING is accomplished at a temperature of 

more than 2000°F. For the purpose of this dis- 
cussion it will be defined as the art of burning a 
solid fuel with 90 to 95 pet ash content. Think of 
the problems of combustion involved in keeping a 
home furnace burning properly with 12 to 20 pct 
ash in the fuel and remember that the amount of 
fuel involved in the 5 to 10 pet combustion loss 
represented by the definition has to be just about 
right or nothing is going to happen. 

Our forefathers discovered that many ores con- 
taining metals essential to the steadily rising stand- 
ards of living were associated with other minerals, 
sulfur and arsenic, for example, which had to be 
removed before ultimate refining. They did this by 
utilizing the solid fuels they had available—the 
sulfur or other readily combustible components— 
to create roasting heat. 

One of the early methods is demonstrated in an 
old wood cut of the roast heap, Fig. 1. Ore was 
broken into chunks, piled on an ignition layer of 
solid fuel—logs in this case—and then ignited. The 
sulfide ores roasted as the sulfur burned out. As 
shown in the background, the countryside was rap- 
idly denuded of all vegetation by the great quanti- 
ties of SO, and other liberated gases. 

Because burning of heaps was erratic, time-con- 
suming, and uncontrolled as to product, man’s in- 
ventiveness soon created the roasting stall. At A, 
Fig. 2, the first layer of ignition logs is laid with 
spaces between them and a channel between the 
ends for passage of air. At C the second layer of 
logs is laid crosswise and endwise to support the 
bed of ore, and at one of the stalls, B, ignition has 
been accomplished. At E the draft control has been 
set up to prevent uncontrolled burning. 

Although this was a start toward continuous pro- 
duction, like the earlier method it destroyed the 
countryside. The famous Tennessee Copper Basin 
still shows results of these older operations. Today, 
however, with three Dwight-Lloyd sintering plants 
and the cooperation of smelter operators and con- 
servation services, the Basin is showing excellent 
results in the spread of the profuse vegetation that 
surrounds it beyond the area affected by the old 
smelter smokes. 

Most of the ores treated were in the class of cop- 
per and lead ores, and not all the sulfur could be 
removed if they were to be left in condition for 
further smelting. With constant efforts to control 
the process and composition of the product and to 
make the roasting continuous, modern sintering 
practice gradually evolved. 

Early vertical kilns for coarse ore were merely 
refractory columns with top feeds, controlled nat- 
ural side drafts, and exit stacks. The hand rabbled 
reverberatory furnaces later used for roasting, Fig. 
3, required a large ventilation area for the men who 
were working. 

The old revolving cylinder roasters need little 
description. Loaded from hoppers near the center, 
they were operated like peanut roasters and then 
dumped out. The feed hopper shown at one end of 
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Solid Fuels and the Dwight-Lloyd 


Sintering Process 


Fig. 1 


the diagram, Fig. 4, could be run as a continuous 
kiln, 

Hand rabbling of the reverberatory soon gave 
way to a mechanical rabbling furnace. Compara- 
tively high shaft furances with deflector plates 
were used, as well as the oxydizing furnace shown 


H. E. ROWEN is General Manager, Dwight-Lloyd Div., MacDowell 
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in Fig. 5. These were followed by continuous roast- 
ing in round hearth rabbling furnaces, of which the 
six-hearth Herreschoff furnace, Fig. 6, is typical. 

All these devices left something to be desired. 
The product was not in a proper physical state for 
furnace charging, great quantities of flue dust were 
produced, and considerable metal values were lost. 
It was obvious that the product had to be agglom- 
erated in some manner. 

An early answer was the briquetting press, Fig. 
7, belt-driven from a steam engine. Another answer 
apparently was provided by the Huntingdon and 
Heberlein blast roasting pot, Fig. 8. The ore, bedded 
down in a pot with a perforated bottom plate, was 
bottom-fired, and a cover with offtake pipe was 
fitted on. After a long period of blowing, a large 
agglomerated cake was formed, and everything ap- 
peared to be solved. The trouble began when the 
roasting pot was dumped, Fig. 9. What labor rela- 
tions could exist under these conditions? To make 
matters worse, dumping was followed by a heavy 
hand-breaking operation, Fig. 10, to make charg- 
ing sizes of the agglomerate. 


This was the type of equipment A. S. Dwight and 
R. L. Lloyd had to work with when they were 
superintendent and metallurgist, respectively, of the 
Greene Consolidated Smelter in Cananea, Mexico. 
An obvious solution was to develop some continu- 
ous method of production and to make the cake of 
agglomerated material thin enough to be broken. 

A long series of experiments started, resulting in 
the general developments shown in Fig. 11. A is 
the Huntingdon Heberlein principle of blowing up- 
ward through a deep bed of ore. At B there is a 
reversal of air flow. Neither method was suitable, 
as the product was too large and dense to be han- 
dled and channeling of air produced many pipes of 
overburned and underburned material. C illustrates 
a pressure-operated downdraft thin-bed rectangu- 
lar furnace, which began to show the desired re- 
sults. D is the same bed with suction used 

The suction fan was of the type represented by 
the Roots blower. Wear on impeller and casing 
was excessive, and the experimenters returned to 
the principle of the blast pot, using a thin bed as 
shown at E. Upward air currents through the bed 
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created a fluidizing condition that prevented the 
highly desirable agglomeration through incipient 
fusion of adjacent particles as they momentarily 
came up to a sintering temperature. An effort to 
maintain quiescence in the bed by using an overlay 
of heavy screen proved successful. This generic 
sintering process, however, was not the Dwight- 
Lloyd process employed today because it was not 
continuous, Continuity was the goal. 

For many weary days the inventors tried to com- 
bat the thin fluidized condition of the bed caused 
by the upflowing air. At last they concluded that 
the process must be used with a downdraft. Pallets 
were put in the charging hole after the hand screw 
had been turned, and the material was carefully 
spread on a shovelful at a time. A blow torch flame 
was directed on the bed through an opening, and 
the sinter, pallet and all, fell off the end, Fig. 12. 

Three people comprised the operating crew. In 
Fig. 13 the charger stands on top, the operator 
stands with his hand on the screw crank watching 
the timing for each operation, and the man at the 
left holds a small board used to smooth off the bed 
before the blow torch flame is applied. A wheel- 
barrow holds material for a shift run, and to the 
right a box contains sinter produced from the 
previous shift. 

At Cananea, Mexico, the first commercially oper- 
ated machine, Fig. 14, started production in June 
1906. Sintering on the lower strand, it had a hearth 
layer hopper, a feed hopper, an igniter, a suction 
box below the bed, and a hood over the bed. 

Until now the ores considered suitable for the 
Dwight-Lloyd process had been sintered with fuel 
intimately associated with the metallics by nature, 
for example, sulfur. The value of the process to 
remove other volatiles and secure the desired ag- 
glomeration was becoming apparent, and a series of 
experiments were begun to determine what fuel 
might best be used. Sawdust, charcoal, heavy and 
light oils, gas, and other fuels were tried, but suc- 
cessful sintering soon became associated with the 
use of fine solid carbon fuels. Only when these fuels, 
including coke breeze, are finely sized and inti- 
mately mixed with the ore charge is their full value 
apparent, both as a fuel and as an active reductant. 
This use for solid carbonaceous fuel requires care- 
ful study by producers and cooperation in furnish- 
ing proper grades and sizes. 
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Economical intimate admixing of this fuel along 
with proper physical charge conditioning has be- 
come available through a new product, the Ball 
Well Flying Saucer, Fig. 15, developed by the 
McDowell Co. and manufactured by Wellman Engi- 
neering Co. The Flying Saucer combines features 
of the pugmill, pelletizer-mixer and pelletizer 
drum, the reroll drum, and the coal-coating drum in 
a single unit, which produces finished sized pellets 
properly coated wtih flaked coal and ready for firing 
in one operation. 

There are two new outlets for solid fuels. Many 
clays and shales, newly mined and waste materials 
from other processing, may be sintered by the 
Dwight-Lloyd process to produce a superior light- 
weight aggregate. This sintering process comes into 
the market in competition with products of other 
operations, such as kilns using oil or gas for firing. 
A little help from coal and coke producers in mak- 
ing proper grades and sizing of fuel available can 
make or break some of these prospective solid car- 
bon fuel sales. 

An outgrowth of the Dwight-Lloyd system is the 
newly publicized pelletizing operation that will 
make available millions of tons of low grade iron 
ores, which must be finely ground for concentra- 
tion. Operation on a sintering machine, or traveling 
grate, type of equipment requires coal or coke. 
Grade and sizing must be right and fuel must be 
available or the competitive kilns, shaft furnaces, 
and other devices that can replace most of the re- 
quired fuel with oil or gas are going to take this 
business on to other fields. 

Utilization of fly ash from combustion of pulver- 
ized coal should not be overlooked. As used by the 
building trades, sintered fly ash, an excellent cinder- 
like aggregate, is becoming increasingly important. 
One eastern utility reports that disposal cost of fly 
ash represents about 10 pct of the cost of using coal 
in its boilers. As soon as a fly ash sintering plant 
can be established the company’s use of coal will 
increase markedly, as there is a tight competitive 
market in this area between oil, gas, and coal, all 
of which can be handled in the company’s firing 
system. 

With utilities representing as large a potential 
coal market as they do, and with increased or even 
continued use of coal involving a fly ash disposal 
cost that averages, industry-wide, about 75¢ per 
ton, the value of turning this detrimental disposal 
cost into a profit-making outlet cannot be under- 
rated by solid fuels producers. 


MINING 


engineering 


NOTEBOOK 


Method for Driving Long Service Raises 


by J. F. Emerson and L. A. Wright 


HE Pine Creek mine, owned by Union Carbide 

Nuclear Co., Div. of Union Carbide and Car- 
bon Corp., is one of the world’s largest producers of 
tungsten. The mine is located on the eastern slope of 
the Sierra Nevada Mountains, about 25 miles north- 
west of Bishop, Calif. 

Prior to 1948, production from the property came 
either from surface pits or from underground work- 
ings above A level haulage tunnel. The tunnel is at 
an elevation of 10,900 ft, which left 500 to 600 ft of 
vertical backs to the surface outcrops. Heavy pro- 
duction demands during World War II hastened the 
planning for long range development of orebodies 
below A level. A 7000-ft haulage tunnel, 1500 ft be- 
low A level, was started in 1943 and completed in 
early 1947. This haulage tunnel is at an elevation of 
9400 ft and is known as Zero tunnel. 

The raise was started in December 1950 and was 
completed in May 1954. While this time interval may 
seem long for 1500 ft of raise, the progress was 
fairly good considering that it was necessary to de- 
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spectively, Mine Superintendent, and Chief Mine Engineer at the 
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velop and mine a substantial tonnage per year as 
the raise was being driven. Development work had 
to start from the raise stations with the raise serv- 
ing as the only entry for men and supplies 

Important factors that had to be considered in the 
preliminary planning were: 1) The raise had to be 
used for service by man cage while the raise was 
being advanced. 2) The horizontal development 
from the raise had to proceed with no delay, allow- 
ing for ore extraction and waste disposal on each 
level. It was obvious that a rock pass raise would 
have to accompany the timbered raise, with a trans- 
fer system at each 200-ft level. 

The two raises are named by number, 1565 the 
timbered raise, and the 1566 the rock pass raise. The 
rock dimensions are 8x15 ft for the 1565, 10x10 ft 
for the 1566, and 5x5 ft for the connecting dog holes. 

When the 1566 rock pass reached a point that was 
35 ft below a main level, the vertical 10x10 ft raise 
was stopped, and two branch transfer raises were 
driven to the level. Grizzlies, which consisted of 
131-lb rail, spaced 18 in., were installed over the 
holings. This system of transfer raises was de- 
veloped to permit the raise to advance above any 
level without interfering with the development 
work on that level. The north grizzly controlled rock 
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Sketch showing the relationship of the Zero level, 1565 raise, and A 


the 1565 raise proved that the level in 


4600 FT TO PORTA 
at Pine Creek mine. Experience gained from driving 
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transfers from both raises and the south grizzly dis- 
posed of rock from level development. 

While the transfer raises were being driven, the 
1565 raise was advanced to about 15 ft above the sill 
elevation of the level. The raise crew would then 
start to cut the station. Two 7 x 7-ft drifts were ad- 
vanced, one to the north to intersect the northeast 
transfer raise, and the other to the southwest to in- 
tersect the station transfer raise. After the drifts 
were connected with the transfer raises, the station 
was cut to a point where additional blasting would 
not damage a station set. A 25-hp, double-drum, 
electric slusher was used to move the muck on the 
stations. While the station was being enlarged, the 
1566 and the 1565 bypass raises were being driven 
from the north grizzly. 

After bearing timber, station set, and lead sets 
were installed, the raise was driven approximately 
25 ft above the connection with the 1565 bypass 
raise. Hitches were cut at the 1565 bypass raise con- 
nection and a bulkhead installed. Additional hitches 
were cut 10 ft below the bulkhead to support I- 
beams for the crown sheave. By this time, the 1566 
rock pass had holed into the second dog hole. The 
raise work for this particular section was now com- 
plete and the 200-ft section ready for stripping and 
reconditioning by the raise crew. 

Starting at the set immediately below the bulk- 
head, the lining in the chute compartment was re- 
moved and replaced with Coeur d’ Alene lagging. 
Broken or damaged timber was replaced at this 
time. The work in the chute compartment was done 
from the top of the muck, which was drawn off as 
the work progressed downward. The manway com- 
partment was also cleaned and reconditioned. 

Upon completion of stripping and removal of the 
lower bulkhead, the shaft raise was plumbed and 
200 ft of guides were installed. I-beams were next 
installed in the hitches below the upper bulkhead 
and the crown sheave placed in its new location. 
After removal of the lower bulkhead, the hoisting 
cable was raised and set on the upper sheave. The 
lower sheave and I-beams were removed and cage 
service advanced to the next level. 

No serious ventilation problems were encountered, 
although a 600-ft section of the raise was driven on 
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a three-shift basis. A 22-in. ventilation line was 
carried up the manway compartment and kept about 
30 ft below the last set of timber. This suction line 
forced approximately 3500 cfm of fresh air up the 
raise. All the raise faces were blown out with com- 
pressed air after each blast, and on occasion water 
sprays were used. 

The primary responsibility for keeping the raise 
sets aligned was placed on the raise leadman. 
Plumbing blocks were put in the corner, at each 
post, and the new set aligned with the sets below. 
One of the disadvantages of driving this type of 
raise is the difficulty of plumbing sets when one 
compartment is full of muck. Accumulative errors in 
alignment were corrected at each 200-ft level. This 
was done by dropping a plumb line and aligning the 
center-bearing timber to the bearer 200 ft below; 
the other bearers were set and leveled by transit to 
fit the center beam. 

The timbered raise, 8 x 15 ft cross-section, re- 
quired 70 to 80 holes to break a 5%-ft round. The 
rock pass raise, 10 x 10 ft, required 50 to 60 holes. 
Ingersoll-Rand R58 stopers, Crucible Park A, 1-in. 
hexagon alloy drill steel, and Ingersoll-Rand, Type 
115, 15%-in. tungsten carbide bits were used in the 
raises. Station enlarging was done by air leg type of 
machines, using Copco integral drill steel. 

Hoisting equipment now consists of a Joy R113 
hoist, with rope speed of 350 fpm, a double-deck 
Vulcan cage, and a 1-in. hoisting rope. The Vulcan 
cage accommodates nine men per deck. The com- 
plete lower deck and sides and doors of the upper 
deck are of aluminum alloy. This gives a gross 
weight for the complete cage of 4200 lb. Most equip- 
ment and supplies are hoisted in the cage. Heavier 
items, such as mucking machines and motors, are 
slung under the cage. 

Experience gained from driving the 1565 raise 
proved that the maximum level interval should not 
exceed 250 ft. Experience also indicated that the two 
factors that might limit the distance a system could 
be driven would be ventilation and specifications on 
timber alignment. During the timbering cycle an en- 
gineer or supervisor should be present. This would 
especially apply if hoisting speeds were to require 
close timber and guide tolerances. 
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Methods Used to Determine Grade 
And Reserves of Pegmatites 


Recent work on pegmatites, especially in the Black Hills, 


S. D., has shown that reserves of unmined pegmatite can be 
computed by projections down the structure. The grade of a 
pegmatite deposit can be satisfactorily determined by meas- 
urements of grains on representative exposures, by production 


records, or by assays. 


FFECTIVE methods for determining grade and 
reserves of pegmatites in advance of mining have 
been developed in recent years. When intensive 
work began on the economic geology of pegmatites 
during the early years of World War II, it was 
widely believed that grade and reserves could be 
estimated only in a most general way. The literature 
indicated that not all pegmatite deposits are un- 
predictable, but statements emphasizing unpredict- 
ability and irregularity seem to have been more 
widely accepted. 

Many standard references reflect the prevailing 
opinion that minerals are unsystematic in their oc- 
currence in pegmatites. Pegmatites have been de- 
scribed as “notorious for their irregular structure,” 
and minerals within pegmatites as “irregularly dis- 
tributed,” “irregularly disseminated,” of “erratic 
occurrence,” “proverbially erratic in distribution,” 
“characterized by extreme irregularity in .. . size 
and distribution of the essential minerals, and 
variety and proportion of the accessory minerals,” 
and “spotty.’”* 

Over many years, however, geologic techniques 
have been applied with increasing success to eco- 
nomic analysis of pegmatites. Investigations, chiefly 
since 1939, have shown that mineral distribution 
and structure of pegmatites are largely systematic 
and that detailed geologic study can be used to pre- 
dict the size and shape of mineral deposits in peg- 
matites. 

Because the writers are most familiar with the 
pegmatites of the Black Hills, S. D., examples cited 
are from that area.* Pegmatites mined in other dis- 


* All examples are described more completely elsewhere." 


tricts are similar to those in the Black Hills," and the 
techniques described here have been applied by 
geologists and engineers working in other districts. 


J. J. NORTON, Member AIME, is a Geologist with the U. 5S. 
Geological Survey in Denver. L. R. PAGE is Assistant Chief Geolo- 
gist, U. S. Geological Survey, Washington, D. C. 

TP 42251. Manuscript, Feb. 1, 1955. New York Meeting, Febru- 
ary 1950. 
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In actual practice few pegmatite mine operators 
attempt to make accurate estimates of grade and 
reserves in advance of mining. Many deposits are 
too small for mining except on a very small scale; 
few pegmatite mines have more than ten employes. 
Hence there is little systematic preparation for min- 
ing, and the capital outlay may be so small that 
only a general knowledge of reserves is necessary. 
Technical personnel are rarely employed by peg- 
matite mine operators to make such estimates. In 
the future, however, as capital outlay becomes larger, 
estimates of grade and reserves will have to be more 
accurate. 


Geologic Aspects of Determining Grade and Reserves 

Estimating grade and reserves requires that the 
type of pegmatite, the size and shape, and the in- 
ternal structure be determined by detailed geologic 
mapping and careful mineralogic study. The wide 
variations in the texture and distribution of minerals 
within many pegmatite deposits make a thorough 
geologic study of this kind necessary before it is 
possible to decide what sampling methods should be 
used to determine mineral content or grade. 

Types of Pegmatites: The first step in economic 
appraisal of a pegmatite is to determine the min- 
eralogical and structural type. In general, pegmatites 
may be classified into two groups: 1) those in which 
component minerals are more or less evenly dis- 
tributed throughout the entire body and show rela- 
tively minor variations in texture, and 2) those in 
which component minerals have been segregated 
into units with recognizable differences in texture, 
mineralogy, or both. Johnston” has classified these 
types of pegmatites as homogeneous and hetero- 
geneous, respectively. Cameron et al.” have used the 
terms unzoned and zoned for similar types 

The difference between the homogeneous and 
heterogeneous types is of great commercial impor- 
tance. Homogeneous pegmatites can seldom be mined 
where the products are concentrated by the hand 
methods now commonly used, but they have been 
mined in a few places where a milling process has 
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been perfected for recovery of the useful minerals, 
and perhaps many more of them will be mined in 
the future by large-scale operations. In North Caro- 
lina and in Maine feldspar is recovered from 
fresh homogeneous pegmatite, and weathered homo- 
geneous pegmatite is mined for kaolin and scrap 
mica in southeastern U.S. and for cassiterite and 
tantalite in Africa.” 

Heterogeneous pegmatites are the source of most 
of the pegmatite minerals produced in the U.S. Peg- 
matites of this type that have been profitably mined 
contain units rich in minerals that can be extracted 
by selective mining: mica, spodumene, amblygonite, 
lepidolite, feldspar, beryl, and columbium and tan- 
talum minerals. 

A mineable concentration of industrial minerals 
(hereafter called a deposit) may consist of an entire 
homogeneous pegmatite, or it may be only part of 
a heterogeneous pegmatite. Detailed geologic map- 
ping is necessary to determine the size and shape 
both of the entire pegmatite body and of the com- 
ponent internal units. In homogeneous pegmatites 
the tonnage of rock containing any specific indus- 
trial mineral is the total tonnage of the pegmatite 
body; it can be found by projecting all local varia- 
tions of strike, dip, and plunge to determine size 
and shape of the deposit where it is not exposed. In 
heterogeneous pegmatites the location and attitude 
of the contacts of the internal structural units must 
be mapped to determine the size and shape of each 
unit that contains a concentration of an industrial 
mineral. 

Size and Shape of the Entire Pegmatite: The struc- 
tural relation between pegmatite and wall rock is 
of greatest importance in predicting the size and 
shape of pegmatite bodies in depth. Many pegmatites 
are, for the most part, concordant with foliation of 
the country rock, though locally the contact may be 
crosscutting. The plunge of such concordant peg- 
matites is essentially parallel to the average plunge 
of linear structures in the schist and the average 
plunge of the principal irregularities or rolls of the 
contact. Rolls ordinarily plunge parallel to the near- 
est crest or keel of the pegmatite, but in some places 
they merely reflect local variations in shape. Con- 
cordant pegmatites have a variety of shapes, but 
most are irregularly lenticular, The thickest part is 
commonly near the top or crest, and beneath the 
thickest part, or bulge, the pegmatite thins gradually 
down dip. The isopachous map of the two pegmatites 
mined at the Victory mine, Custer County, 5S. D., 
Fig. 1, shows this change of thickness with depth. 
Some concordant pegmatites such as the Victory 
(Figs. 1, 3, and 4) and the Edison (Fig. 5) are 
multiple intrusives consisting of two or more indi- 
vidual lenses separated by discontinuous schist part- 
ings. Other concordant pegmatites are arcuate, 
sinuous, or tabular. Recognition of these irregular 
shapes and their accurate projection along the plunge 
are necessary before reserves can be adequately 
estimated. 

Size and shape of discordant pegmatites are pre- 
dicted less readily than those of concordant pegma- 
tites, because they are controlled by fault planes, 
joints, or other structures that may not be well 
understood, Discordant pegmatites tend to be tabular 
but are commonly branching. Pegmatites of this kind 
have formed in granite, quartzite, gneiss, or other 
rock that was competent at the time of intrusion. 
Extensions of such deposits beyond known areas 
may be predicted in the same fashion as extensions 
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of metal veins that are controlled by similar struc- 
tures. Projections in depth must be based on the 
strike and dip of the host fracture and the plunge 
of fracture intersections. 

Size and Shape of the Internal Units of Hetero- 
geneous Pegmatites: The internal structure of a 
heterogeneous pegmatite must be understood in all 
dimensions before it is possible to determine the 
feasibility of selective mining for a particular peg- 
matite mineral. In recent work the internal units 
have been classified as zones, fracture-filling units, 
and replacement units.” Contacts between pegmatite 
units are for the most part gradational. Where 
gradation takes place over a distance measurable 
in feet, the contact must be defined by the occur- 
rence of a diagnostic mineral or group of minerals, 
by the percentage of an individual mineral, or by 
differences in texture. 

Most zones are continuous throughout the pegma- 
tite and reflect to some degree the shape of the peg- 
matite body. Outer zones are shaped more like the 
pegmatite as a whole than are inner zones and are 
more regular in thickness. Thickness of a zone may 
be uniform or may change gradually, rather than 
abruptly or irregularly. Some zones thicken or thin 
to form a series of discontinuous lenses, the long 
axes of which parallel the plunge of the irregularities 
in the pegmatite contact. A few zones are hood- 
shaped or trough-shaped and are approximately 
parallel to the crest or keel, respectively, of the 
pegmatite. Incomplete or irregular zones plunge 
parallel to the nearest keel or crest of a conformable 
pegmatite or to the intersection of the different seg- 
ments of a branching pegmatite. Shapes of various 
types of zones are illustrated in Figs. 2 through 5. 

Zones are more abundant and larger than frac- 
ture-filling and replacement units and are economi- 
cally the most important units in a pegmatite. Thus 
it is essential that they be recognized and that their 
shape and attitude be determined in detail before 
calculations of tonnage are made for reserve esti- 
mates. Fracture-filling and replacement units are 
rarely large enough to be mined. Depth extensions 
of some fracture-filling units can be projected along 
the strike and dip of the controlling fracture, but 
many of these bodies follow irregular, intersecting 
fractures. These units may be zoned; if so, the zones 
reflect the shape of the fracture-filling unit. Replace- 
ment units, on the other hand, have an extremely 
irregular and unpredictable shape, except where 
controlled by such structures as fractures or gneis- 
soid banding. The size of a replacement body can 
be predicted if the structural control can be recog- 
nized and is thoroughly understood, but predictions 
are less accurate than for other units. In general, 
prediction of size and shape of replacement units 
in pegmatites is similar to prediction of the size and 
shape of contact-metamorphic deposits. Few replace- 
ment units are large enough to be mined profitably. 
The spodumene deposits at Tinton, S. D.,” “ are the 
best examples of large deposits in the U.S. 


Mineralogy and Texture of Deposits: Industrial 
minerals produced from heterogeneous pegmatites 
are concentrated in definite zones or in shoots or 
other readily defined parts of these zones. The con- 
tent of any reasonably large block of rock, at least 
several hundred tons in size, is normally about the 
same as the average content of the entire deposit. 
Irregularities of mineral distribution and variations 
in the size of crystals or aggregates may cause small 
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parts of the zone to be much richer than the zone 
as a whole. 

In general, the texture of a pegmatite is more 
nearly that of a porphyritic than an equigranular 
rock, Differences in grain size of minerals from one 
deposit to another may be extremely great. In some 
deposits all minerals or aggregates occur in masses 
of about the same size, but in others individual 
crystals or aggregates range from a fraction of an 
inch to more than 40 ft long. The matrix commonly 
consists of grains only a few inches in diameter. 

Distribution of minerals within most zones is fairly 
uniform, though small blocks of rock may be very 
rich or very lean in certain minerals. On the other 
hand, mineral proportions in a zone may change 
gradually along the structure, as at the Hugo peg- 
matite, Fig. 2, where potash feldspar is abundant in 
the top of a perthite-quartz-albite pegmatite unit 
but decreases to zero with depth. Such zones can be 
subdivided into smaller units on the basis of the 
percentage of perthite, and the content of these 
units can be satisfactorily estimated. This type of 
gradation in the potash feldspar content is char- 
acteristic of pegmatites that contain perthite-rich 
hoods. Similarly, the proportion of muscovite in 
wall zones that consist essentially of quartz, albite, 
and muscovite may show a gradual change with 
depth. Muscovite-bearing zones of this type com- 
monly are lean in mica adjacent to a perthite-bear- 
ing hood, but the quantity of muscovite increases 
downward until, below the perthite-bearing hood, 
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mica is very abundant. Some of the richest mica 
mines in the Black Hills, such as the White Spar and 
Buster Dike, were discovered beneath a perthite- 
rich hood, At depth a few pegmatites may become 
leaner in large muscovite and possibly in total mus- 
covite. At one end of the surface exposure the New 
York pegmatite has what is probably a remnant of 
a perthite-rich hood surrounded by a narrow quartz- 
albite-muscovite zone that contains far too small a 
quantity of large muscovite to be mined for sheet 
mica. In the upper levels of the mine the quartz- 
albite-muscovite zone is said by Sterrett” to have 
contained 6.6 pet recoverable crude mica in rock 
that was being mined at the time of his visit in 1908 
During mining on the 300 level in 1943 only 1.6 pet 
mica was recovered from the rock. 

The richest parts of some zones form shoots that 
plunge in the same direction as the pegmatite. The 
quartz-albite-muscovite wall zone at the New York 
mine, for example, contains shoots that are richer 
in mica and contain more large mica crystals than 
the rest of the zone. Much of the mica produced in 
North Carolina has been from rich shoots in pegma- 
tite otherwise too lean to be mined 

Another type of change in mineral proportions 
from one part of a pegmatite to another is illus- 
trated by certain spodumene-bearing pegmatites, 
such as the Mateen and the Edison, Pennington 
County, S. D. The spodumene is pseudomorphically 
altered, either partly or wholly, to micaceous and 
clay minerals. Where the alteration is complete, the 
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shape and cleavage of the spodumene crystal can 
still be recognized, even though virtually no true 
spodumene remains. Degree of alteration increases 
from the inner part of the pegmatite outward and 
from the top downward, The proportion of spodu- 
mene crystals, including material that has been 
pseudomorphically altered, may be essentially the 
same from one part of the spodumene-bearing unit 
to another, but the proportion of lithia and un- 
altered spodumene changes gradually from one place 
to another, Changes may be so systematic that lines 
of equal lithia content can be drawn on maps or 
sections.” 

Changes in mineral content across zones are nor- 
mally greater than changes parallel to the structure. 
Most mica-bearing wall zones, for example, are 
richest in the outer part, and the mica content grad- 
ually decreases inward. The mica and bery! content 
of intermediate zones commonly increases from the 
outside to the center and decreases from the center 
to the inside of the zone, Similar variations occur in 
zones that contain other industrial minerals, and as 
a result the thickness that can be mined varies with 
changes of economic conditions. 

Mineral distribution of replacement units is less 
constant and not so well understood as in zones and 
fracture-filling units. The proportion of relic min- 
erals and of introduced minerals in the replacement 
units of the Hugo pegmatite varies greatly and un- 
predictably, Fig. 2. 


Processing and Marketing Factors Affecting 
Reserve Estimates 


Pegmatite mining operations range in size from 
one-man enterprises to companies with a capital 
investment of several million dollars. In general, 
however, the mines are small in relation to mines 
in most other parts of the mineral industry. Opera- 
tions differ greatly in efficiency, and a deposit that 
may be very profitably operated by one may be un- 
profitable for another. Many operations that are 
relatively large, by the standards of the pegmatite 
mining industry, make no use of technical personnel. 

A small pegmatite mine may be worked by only 
one or two men, using little mechanical equipment, 
and the mining method may be a simple process of 
following the ore in a deposit that is small and has 
a simple structure. Hand-cobbing is the standard 
concentrating method, and it is generally the only 
processing that a small miner provides before sell- 
ing to a local buyer. An operator of this sort can 
move readily from one deposit to another that ap- 
pears more promising. He can change his mining 
from one pegmatite mineral to ancther as market 
conditions change. Such mines may operate on a 
week to week basis, and there is ordinarily no real 
necessity for making careful reserve estimates using 
controlled techniques. 

Larger operators, on the other hand, may work 
many properties and do the work on a much larger 
scale, using mechanical equipment and milling meth- 
ods that add greatly to the capital costs. To justify 
the necessary costs of such operations, they must 
make reserve estimates. 

Evaluating the probable financial rewards from 
such an enterprise requires detailed knowledge of 
many problems in processing and marketing peg- 
matite minerals. Each mining company is engaged 
primarily in the feldspar, mica, or lithium busi- 
ness. A feldspar company concentrates its mining 
on the feldspar of a pegmatite, although other min- 
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erals that are recovered are sold as byproducts. If 
the pegmatite contains a unit lean in feldspar but 
rich in other industrial minerals, the feldspar com- 
pany may not mine it. A single pegmatite may be 
mined successively by different companies as a 
lithium pegmatite, a mica pegmatite, and a feldspar 
pegmatite. 

A feldspar company sells its feldspar in a ground 
state at about twice the price of hand-cobbed feld- 
spar produced by small mine operators, who ordi- 
narily sell their product to a feldspar company for 
grinding and marketing in the regular trade chan- 
nels. Evaluation of the feldspar company operation 
must be in terms of its ability to produce and sell 
ground feldspar, unless the economics of mining can 
be completely separated from milling. 

Similarly, companies that are primarily mica 
miners may grind their own scrap mica and rift and 
trim their own sheet mica. Value of the sheet mica 
recovered from crude mica depends very largely on 
efficiency of the rifting and trimming shops, which 
varies greatly from time to time. At the beginning 
of World War II there were very few experienced 
mica workers in the Black Hills, and recovery of 
sheet from crude mica was low. As the mica workers 
became more experienced, recovery became much 
greater, and the dollar value of mica produced from 
each mine was higher. 

Companies mining lithium minerals ordinarily 
process the material themselves and sell it eventu- 
ally as lithium chemicals. Unprocessed lithium min- 
erals are sold from only a few domestic mines, and 
the price is a nominal one that may not at all times 
be the same as it would be if all the lithium minerals 
changed hands in the open market before going to 
chemical plants. 

Adequate evaluation of a deposit must include 
consideration of all possible products. Recovery of 
5 lb of byproduct beryl per ton of rock would, at a 
price of $600 per ton, increase the value of the rock 
mined by $1.50 per ton. One pound of tantalite per 
ton might increase the value by twice this amount. 

Appraisal of a pegmatite deposit must be not only 
in terms of the overall mineral content, but also in 
terms of the recovery in the process to be used, 
whether it be hand-cobbing or one of the milling 
methods of varying degrees of efficiency that have 
been used for pegmatite minerals. Most of the mus- 
covite in mica-bearing zones is too small to be re- 
covered by hand sorting or to be cut into sheet mica. 
The productive zone of the Victory pegmatite, for 
example, was estimated to contain about 24 pct 
muscovite, but only one third was recovered as 
crude mica suitable for rifting and trimming into 
sheet mica. It would be of no interest to the operator 
of this mine that his mica-bearing zone contained 
24 pet muscovite, because only part of the muscovite 
could be recovered and used for the purpose for 
which he was mining the pegmatite. 

Some of the industrial minerals of pegmatites 
may be intergrown with deleterious minerals seri- 
ously affecting the value of the deposit. Potash feld- 
spar containing more than a negligible quantity of 
intergrown tourmaline, garnet, or biotite is value- 
less for ceramic uses. In many deposits potash feld- 
spar is intergrown with quartz to form graphic 
granite. The quartz cannot be separated in mines 
where the concentrating method is hand cobbing; 
consequently the aggregate must be sold as a low- 
grade product at a low price. Intergrowths of 
plagioclase with potash feldspar may also lower the 
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value of the feldspar product. Where this type of 
feldspar-bearing rock is beneficiated by flotation, 
the resulting product normally contains considerable 
quantities of soda feldspar and has a lower price 
than clean potash feldspar. Similar intergrowths of 
amblygonite with quartz or plagioclase, muscovite 
with quartz, beryl with quartz and plagioclase, and 
columbite-tantalite with quartz or plagioclase make 
hand methods ineffective for recovering the min- 
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erals sought. Most plagioclase of pegmatites is inter- 
grown with quartz and cannot be marketed as soda 
feldspar. The chief reason that many pegmatite 
deposits cannot be mined at the present time is that 
intergrown minerals cannot be separated profitably 
at prevailing prices 

Because individual minerals range widely in 
chemical composition it is necessary to know the 
composition of the industrial minerals of each de- 
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Fig. 3—Geologic map of the 60 level, Victory mine, Custer County, S. D. 


posit within a single pegmatite. The value of spodu- 
mene, amblygonite, and lepidolite depends directly 
on the lithia content. The idealized formula for 
spodumene indicates a lithia content of 8.0 pet, but 
nearly all spodumene concentrates contain 4 to 7 
pet lithia, largely because sodium and other ele- 
ments occupy the lithium positions in the lattice. 
Likewise, in beryl the BeO content, on which the 
price depends, may range from 10 to 14 pet. Lron in 
potash feldspar may subject the product to penal- 
ties. On the other hand, high aluminum content in 
potash feldspar is considered desirable. 

Variations in the properties of muscovite mica 
having influence on the market value have been 
discussed many times, most recently by Jahns and 
Lancaster.” The physical properties of muscovite 
determine whether or not it can be used as sheet 
mica or sold only as scrap, Value of trimmed sheet 
mica depends largely on the size of the sheets. Physi- 
cal defects such as waviness or inclusions also affect 
the value of sheet mica. During World War II when 
the Federal Government purchased the entire sheet 
mica output of all mica mines—except those that 
produced chiefly stained mica—most of the sheet 
mica produced in the U.S. was purchased at a fixed 
price per pound without regard to size or quality. 
In normal times, however, the better the quality 
and the greater the size of sheet mica, the higher 
its value. 


Determination of Grade 


Because the term grade is used with several mean- 
ings in pegmatite mining, its common use in refer- 
ence to the metal content of an ore deposit may be 
confusing. Grade is used in commerce to indicate 
the size of sheet mica and also the quality of potash 
feldspar. 

Statements about grade should be carefully quali- 
fied. For example, a figure for the overall metal 
content is misleading if the metal occurs in two 
minerals and only one of these minerals can be used 
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commercially. Statements expressing the total quan- 
tity of a mineral in a deposit do not convey sufficient 
information if, as in sheet mica deposits, the crystals 
recovered must be greater than a certain size. 

The grade, or mineral content, of a pegmatite 
deposit may be determined by assays, grain meas- 
urements of representative faces, or production 
records. It may be expressed as: 1) percent of min- 
eral, 2) percent of recoverable mineral, 3) percent 
of oxide or element, 4) dollar value of the indus- 
trial minerals per ton of rock, or 5) dollar value of 
recoverable minerals per ton of rock. The choice 
will depend on the purpose for which the grade 
estimate is to be used. 

Grade expressed in terms of percent of mineral 
may not be useful because most pegmatite mines 
use hand sorting, and in these mines the total per- 
centage of mineral is of no practical interest. If, on 
the other hand, mechanical methods of beneficiation 
are to be used, it is necessary to know the total per- 
centage of mineral. The total percent of mineral is 
also a convenient way of expressing the grade of 
potential reserves. 

The method of expressing grade in terms of per- 
cent recoverable mineral unfortunately makes the 
grade figure depend in part on the mine efficiency. 
A better figure can be obtained by assuming that 
ali mineral grains greater than a certain minimum 
size can be recovered. Minimum size for mica books 
that will give sheet or punch mica is about 
1%x1%x% in. Feldspar, beryl, spodumene, ambly- 
gonite, or lepidolite seldom can be sorted economi- 
cally in pieces less than 1% in. average dimension. 

Where more than one mineral is produced from 
a pegmatite deposit, it may be desirable to express 
grade by a single figure in terms of dollar value per 
ton of rock. Such a figure must be used in conjunc- 
tion with percentage figures, which remain constant, 
whereas grade expressed in terms of dollar value 
varies with prices change. 

Assays of Channel, Bulk, or Core Samples: Chemi- 
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Table |. Results of Assays by Various Methods, Metals Reserve Samples from the 
Helen Beryl Pegmatite, Custer County, S. D.* 


BeO Content Determined by 
Measuring Bery! on Exposed Faces 


Weight of 
Sample, 
L 


Area 
Measured, 


Pet** 


Geological 
Survey 


6, 
5, 
6, 
4, 


9,3 
6 7,400 
Composite of samples 1 to 6 
Weighted average? of samples 1 to 6 
Average BeO content from each method 


SS 
22238888 
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* After L. R. Page et al., Ref. 7, p. 130 


Chemical Assays 
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** Refractive indices show that average BeO content of the bery! is 12.5 pct. 
* The meaning of the phrase best shift was not explained by the analyst 


t Weighted according to number of pounds in eech sampie 
# Column headed best shift disregarded 


cal and spectrographic assays of channel, bulk, or 
core samples have limited value unless the min- 
eralogy of the deposits is well understood. They have 
been used chiefly to determine the BeO, Li,O, Ta,O,, 
and Sn content of pegmatite deposits, but results 
may be misleading. The BeO assay will include not 
only BeO in recoverable beryl] but also in minerals 
not saleable at present or too fine grained to be re- 
covered by hand methods. Spodumene is the peg- 
matite mineral most commonly used in the U.S. for 
production of lithium metal and salts, but assays 
for lithia will also include the lithia in amblygonite, 
triphylite-lithiophillite, and lithia micas. Derry” has 
evidence that appreciable quantities of lithia may 
occur in feldspar from spodumene pegmatites in 
Quebec. Similarly Ta,O, and Sn may be in more 
than ore mineral. 

To determine how large a sample must be in order 
to be representative, it is necessary to consider: 
1) average grain size, 2) range in grain size, and 
3) evenness or unevenness of the distribution of the 
mineral sought. It is apparent that a fine grained, 
evenly distributed mineral can be adequately sam- 
pled by small, widely spaced channel samples or 
drill core samples. A mineral showing wide varia- 
tion in grain size or very uneven distribution can 
be sampled only by taking a large volume of rock. 
Beryl! deposits in the Bob Ingersoll No. 1 and No. 2 
pegmatites, Keystone, S. D., would require bulk 
samples so large that the sampling operation would 
be similar in magnitude to the actual mining opera- 
tion. Of the 150 tons of beryl produced from the 
Bob Ingersoll No. 1 pegmatite, about 100 tons have 
been from crystals and aggregates of crystals rang- 
ing from 11 to 61 tons. Similarly, 117 tons of the 
total production of about 300 tons of beryl from the 
Bob Ingersoll No. 2 pegmatite was from crystals 
and aggregates ranging from 6 to 34 tons.” Average 
beryl content of each of these deposits is probably 
less than 1 pct. It is apparent that a bulk sample 
would have to be exceedingly large, and other meth- 
ods of determining beryl content may be more suit- 
able. Many other beryl deposits, however, are 
amenable to normal sampling procedures because 
they are evenly grained and evenly distributed. 

Grade Determined from Grain Measurements: 
Measurements of the area of a mineral on repre- 
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sentative exposures can be used satisfactorily to 
determine grade except where the pegmatite is very 
fine grained. This method is essentially a modifica- 
tion of areal methods of determining rock composi- 
tion that date back to Delesse in 1847.” Total area 
of the rock exposure and area of the mineral can 
be used to obtain volume percent, or corrections 
can be made for differences in specific gravity, and 
the percentage of mineral by weight can be deter- 
mined. As in other types of sampling it is necessary 
to consider grain size and evenness of distribution in 
determining how large an area should be measured 
Experience has shown that for rocks with an average 
grain size of 2 in. or less, 100 sq ft normally is 
adequate; for an average grain size of 6 in., 1000 
sq ft should be measured; for 12 in., 5000 sq ft. 

Care must be exercised to insure that the faces 
are representative. Accessible exposures in many 
abandoned mines are virtually barren because they 
were stripped of all valuable minerals when the 
mine was closed, and selection of representative 
faces is difficult or impossible. 

The grade of beryl! determined by grain measure- 
ments on the walls of six sample cuts in the Helen 
Bery!] pegmatite, Custer County, S. D., is compared 
with spectrographic and chemical assays in Table I. 
Chemical assays by four different analysts failed to 
check each other satisfactorily. Two spectrographic 
analysts obtained approximately the same results. 
The spectrographic assays and grain measurements 
each indicate a grade of 0.05 pct BeO, but they are 
not in agreement with the 0.11 pet BeO determined 
chemically. 

Grain measurements have been used successfully 
to predict the beryl content, before mining, of a 
block of beryl-bearing pegmatite at the Wood Tin 
mine, Pennington County, S. D.” 

Large-scale maps and sections made in 1943 to 
show the size and distribution of large muscovite 
books in the underground workings at the White 
Bear pegmatite, Custer County, S. D., show that 66 
sq ft, or 4.2 pet recoverable mica, were exposed in 
an area of 1560 sq ft of pegmatite. Actually, from 
900 tons of rock mined, about 37 tons, or 4.1 pct 
mica, were recovered. 

Mineral measurements show that the average 
beryl content of the drill core in the Helen Bery! 
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Sample 
1 400 80.5 0.25 
2 150 48.6 0.60 
3 620 64.7 0.23 
4 20.( 0.76 
60 


Mascovite in Drill Core, 
Estimated Pereent 


Location 


Mole Hole 2% 


Hanging wall 12 4 28+ 19t 

Footwall 10 7 17 131 

Both foot and 12 6 23 16 
hanging wall 


+ Erroneously reported in Ref. 21 


Table |1. Muscovite Content of Plagioclase-Quartz-Muscovite Zone, Hot Shot Pegmatite, Custer County, S. D.° 


1 from grain measurements on drill cores and from visual estimates and grain measurements in underground workings 
f 23 


Muscovite, Estimated 


Museceovite, Measured 
Content** 


Ceontent** 


Area Examined, Muscovite, 
Sq Ft Pet 


125 16 27 12 
8 17 6.5 
155 14 44 10 


pegmatite is 0.19 pet. Spectrographic assays of the 
core samples, converted from percent BeO to per- 
cent beryl, indicate that the drill core contained 
0.21 pet beryl.” Thus, for all practical purposes, the 
mineral measurements were as good as the spectro- 
graphic assays and less expensive. Very little addi- 
tional work was required by the geologist, M. H. 
Staatz, who logged the core, to measure the observed 
beryl! crystals. It is doubtful that the cost of measur- 
ing all beryl crystals found in the core exceeded 
$100. The cost of splitting and grinding the core, 
transporting the samples, and having the samples 
assayed was more than $1000. 

The muscovite content of the plagioclase-quartz- 
muscovite wall zone of the Hot Shot pegmatite was 
determined,” as shown in Table II, by visual esti- 
mate of the muscovite content of three drill cores, 
by visual estimate of the quantity of muscovite ex- 
posed in this same zone in the underground work- 
ings, and by grain measurements in the underground 
workings. Differences in the figures for mica content 
in the drill cores are typical of the differences to 
be expected in small samples. The average value of 
these figures, weighted according to the length of 
drill core, shows the deposit contains about 16 pct 
muscovite. All values for mica content, whether 
high or low, should be used in obtaining weighted 
averages. The not uncommon practice of arbitrarily 
discarding all high values is not justified. In pegma- 
tite containing very coarse crystals some small sam- 
ples are expected to be very rich in muscovite where 
one or more large crystals are cut by the drillhole. 
These high values may compensate for other sam- 
ples containing no muscovite. The largest samples 
in Table II are areas in the underground workings 
where the muscovite content was visually estimated 
as 16 pet for the hanging wall part of the zone, 8 pct 
for the footwall part of the zone, and 14 pct for both 
areas. These figures differ somewhat from those ob- 
tained from drill core 1, which cut the pegmatite 
near the underground workings, and from those 
obtained by measurements of mica crystals in 
smaller areas, The drillhole samples, however, pro- 
vide an estimate of mica content that is adequate 
for most purposes. 

A method similar to the Rosiwal technique can be 
used to determine grade by measuring the inter- 
cepts of grain boundaries on lines at fixed intervals 
on an exposure. This method is especially useful 
for coarse grained pegmatite. Jahns" has made 
measurements of this kind with a mechanical device 
consisting of a wheel and attached counters to re- 
cord revolutions. 

Microscopic grain counts of crushed samples have 
been used successfully by the U. S. Bureau of Mines 
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to determine grade.” This method is most accurate 
if the size distribution of the crushed fragments of 
the various minerals is determined. In a crushed 
sample of quartz-spodumene pegmatite, for ex- 
ample, average size of the spodumene fragments 
may be smaller than the average size of the quartz 
fragments, and grain counts would indicate that the 
spodumene content is higher than it actually is. If 
each sample is sieved and spodumene grains are 
counted in each sieve fraction, the spodumene con- 
tent of each sample can be readily determined by 
using the percent spodumene and the total quantity 
of material in each sieve fraction to compute a 
weighted average. 

Microscopic grain counts may be impracticable 
for low grade deposits, especially if the minerals are 
not readily distinguishable by optical methods. An 
ore that contains 0.5 pct beryl has oniy 5 grains in 
1000, and an accurate microscopic grain count 
would be long and tedious because the optical 
properties of beryl are somewhat similar to the op- 
tical properties of quartz, plagioclase, and musco- 
vite. Stevens” has successfully used microscopic 
grain counts to determine the beryl content of prod- 
ucts of a USBM pilot mill at Rapid City, S. D. 

Minerals such as microlite that have a high speci- 
fic gravity can be concentrated by means of heavy 
liquids before microscopic grain counts are made. 

Grade Determined from Production Records: 
Production records show how much of an individual 
mineral can be recovered by any particular method 


Table I1!. Mica Recovery, New York Mine, Custer County, S. D. 


Mica Recovered 


Rock Mined, Weight, 
Date Tons* Tens* Pet 
June 1 to 
July 22, 1943 580 10.5 18 
June 1 to 
Sept. 17, 1943 1800 28 16 
June 1 to 
Nov. 17, 1943 2000 32 16 


* Based on foreman's records and measurements of volume of rock 
mined. Published with permission of the owners 


of concentration. If such records are not available, 
a useful substitute method is to take large samples 
and concentrate them under conditions simulating 
actual mining. Production records were used with 
success during World War II in determining the 
tenor of sheet mica deposits in pegmatites. The 
tenor of such deposits can also be obtained by grain 
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Holes Area, Muscovite, 
Hole 8 1,2, and3 Sq Ft Pet 
: 


Sub -leve 


60-foot level 


120-foot level 


20-toot leve 


SECTION ,OIAMOND DRILL HOLE NO.2 


SECTION, DIAMOND DRILL HOLE NO! 


EXPLANATION 


Quortz- perthite- 
albite pegmatite 


| 


Albite-quartz-muscovite 
pegmotite 


Mica schist 


Pegmotite contact 


Contac! between 
pegmatite units 


Limit of underground 
workings 


60 feet 


Fig. 4—Geologic sections, Victory pegmatite, Custer County, S. D. 


measurements of mica books that are larger than 
the smallest marketable cut mica. 

The percent recoverable mica in the deposit 
worked at the New York mine during 1943 was de- 
termined at three different times while the mine 
was in operation. Table III shows that the percent 
mica recovered from June 1 to July 22, 1943 was 
1.8 pet, and that by September 17, 1943 the figure 
for recovery was reduced to 1.6 pet. The recovery 
figure was still 1.6 pet when the mine closed No- 
vember 17, 1943. The consistency of the recovery 
figures seem to indicate that the tenor of any one 
large block of rock is essentially the same as that 
of any other large block in the mica zone that was 
mined. 

Careful estimates and measurements of the min- 
eral distribution on exposures in the lower 42 ft of 
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the vertical shaft and in crosscuts of the Hot Shot 
pegmatite were compared with the results obtained 
by the USBM” in hand sorting perthite, muscovite, 
and phosphate minerals from the rock obtained 
from these workings. Table IV shows the quantity 
of each of these minerals estimated to be in each 
round, and also the quantity of each of these min- 
erals that was actually recovered, Thus, this table 
shows approximately how much of each mineral 
is lost during hand sorting of pegmatite. Rounds 
estimated to contain relatively small quantities of 
muscovite were also, in general, those in which 
small proportion of the total estimated quantity of 
muscovite was recovered. In only a few of the 
rounds estimated to contain less than 500 lb of mus- 
covite was more than 10 pct of the total estimated 
quantity of the muscovite recovered. On the other 
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hand, in rounds estimated to contain more than 500 
lb of muscovite, much of which was in large books, 
recovery was somewhat higher. The recovery of 


perthite shows a similar tendency. 


Determination of Reserves 


Reserves of pegmatite minerals can be calculated 
after the pegmatite has been mapped, geologic sec- 
tions constructed, and grade of zones that attract 
interest determined. For computing reserves of any 
particular category, the pegmatite can be divided 
on the basis of grade into suitable blocks of ore. 
Geologic sections, properly spaced to show varia- 
tions in shape and size, can be used to determine 
the average cross-sectional area of an ore block, 
and the volume of the block can be obtained by 
multiplying by the distance between geologic sec- 
tions. At some properties, as at the Edison, Fig. 5, 
geologic plans at fixed vertical intervals are readily 
used to determine the volume of a block of ore. 
Volume determinations calculated from geologic 
sections should not differ significantly from those 
obtained from plans. Specific gravity of the peg- 
matite can be estimated and used to convert volume 
to tonnage. One ton of pegmatite in place normally 
occupies about 12 cu ft. 

The problem of determining the tonnage of the 
deposit is the same regardless of the mineral 
sought. In determining grade, however, each peg- 
matite mineral presents certain problems that are 
peculiar to that mineral: 

Mica: Evaluation of a mica deposit involves de- 
termination of 1) total mica content, 2) content of 
recoverable mica, 3) content of sheet in mica re- 
covered, 4) content of various sizes of sheet mica, 
and 5) content of various qualities of sheet mica. 
These can be expressed in percentage terms, but the 
only simple way to express the value of the deposit 
is in terms of dollar value of the recoverable mica 
per ton of rock. Value of byproducts and cost of 
rifting and trimming the mica can also be incor- 
porated in this figure. The term grade may be con- 
fusing if used in reference to the amount of mica in 
a deposit, as it is used extensively in the sheet mica 
industry to indicate the size of trimmed sheets. 

The Victory and the Tin Queen pegmatites, near 
Custer, S. D., show how a figure expressing dollar 
value per ton of rock can be useful for mica de- 
posits. The Victory pegmatite, from which about 
8.8 pct crude mica was recovered, produced an av- 
erage of 19 lb of sheet and 65 lb of washer punch 
and other byproduct mica per ton of rock mined 
in 1943 and 1944. On the other hand, only 1.6 pct 
crude mica was recovered from the Tin Queen peg- 
matite and only 1.3 lb of sheet and 3.8 lb of washer 
punch were produced per ton of rock mined. Thus 
the Victory pegmatite, which produced 5% times 
as much crude mica per ton of rock as the Tin 
Queen, produced about 15 times as much sheet mica 
and 17 times as much washer punch and other by- 
product mica as the Tin Queen. Furthermore, rift- 
ing and trimming costs for the Tin Queen mica were 
probably greater than for the Victory mica, and to 
compare these two mines it is necessary to subtract 
the rifting and trimming costs from the value of 
the mica. The Tin Queen pegmatite was a source of 
considerably greater quantities of byproduct min- 
erals, such as feldspar, amblygonite, and beryl, than 
the Victory pegmatite. If the dollar value of these 
minerals per ton of rock mined is taken into con- 
sideration, then the value of the products of the 


TRANSACTIONS AIME 


Tin Queen pegmatite is increased by about 50 pct. 
The only way to compare these two mines in simple 
terms is to determine the dollar value of the min- 
erals produced per ton of rock. 

Of all the mica mines in the Black Hills, the Vic- 
tory is the one for which the most data are avail- 
able on predicted reserves compared with actual 
production. The history of the authors’ reserve 
calculations at this mine, therefore, will be given 
in detail to illustrate the degree of accuracy ob- 
tainable in estimating reserves of mica. The Vic- 
tory program pegmatite was carefully studied by 
the USGS in 1943 and 1944” and was core drilled 
by the USBM in February 1944.” The pegmatite is 
a multiple intrusive consisting of two structurally 
independent, but connected, bodies that continued 
down the plunge as far as the 120 level, Figs. 1, 3, 
and 4. 

Reserves in unmined rock above the 120 level 
were estimated as of March 1, 1944. The crude mica 
recoverable was 7.6 pct of the rock mined on the 60 
level.** The waste rock from mining in the upper 

** Actually the figure originally was 5.77 pet, but it was based on 


erroneous data. The chief error was an incorrect assumption by the 
mine operator on the capacity of the mine cars 


levels contained 17.1 pct total mica according to the 
USBM.” Average muscovite content in two drill- 
holes that cut the pegmatite near the 120 level was 
32 pet, suggesting that the muscovite content of 
the pegmatite might increase downward 

On the basis o/ information from geologic map- 
ping and diamond drilling, the quantity of unmined 
pegmatite estimated to be above the 120 level on 
March 1, 1944 was 4450 tons. If the content of re- 
coverable mica were 7.6 pct, a total of 338 tons of 
mica could be produced. When the mine closed at 
the end of 1944, the operators’ records showed that 
285 tons of mica had actually been produced from 
this block. Computations based on the isopachous 
map, Fig. 1, showed that 3250 tons of pegmatite 
were mined. These figures indicate that the pegma- 
tite contained 8.8 pet recoverable mica. 


Table V. Percent of Lithia Found in Analyses of Spodumene-Bearing 
Samples from the Edison Mine, Pennington County, S. D.* 


U. 8. 
Sample Berea Ana- 
Selected of 
As Mines B 


Low 0.79 
Medium 2.80 
High 463 


* See Ref. 31, Table VI 


The isopachous map also showed that about 2550 
tons of pegmatite remained unmined and that on 
March 1, 1944, when 4450 tons of pegmatite wer: 
predicted on the basis of geologic sections, the ac- 
tual quantity was about 5800 tons, indicating an 
error of 23 pet. Similarly there was a 14 pct error 
between the mica content of 7.6 pet indicated by 
the original data and the 8.8 pct actually obtained 
The discrepancy between the original and final 
figures for mica content can be explained partly 
by the fact that during the later months of the oper- 
ation the broken rock was hand sorted for mica 
twice, instead of once 

Lithium Minerals: The principal lithium minerals 
produced from pegmatites are spodumene, lepido- 
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Ana- 
lyet 
Ow Trace 1.10 12 1.38 148 
312 288 350 350 382 3.55 
3.10 
554 554 605 600 641 5.74 
5.50 


Above Adit Level 
Spodumene- 
Bearing 
Pegmatite, 
Tons 


Reserves 


waged on geo- 40,000 1.28 
ogic sections 
Predicted } Based on geo- 
\ logic plans 
Mined 1945 to 1949° 34,000 1.35 
Estimated reserves, Several 
Jan. 1, 1960* thousand 


Table Vi. Predicted Grade and Reserves Compared with Production Figures, 
Edison Spodumene Mine, Pennington County, S. D. 


* From F. F. Clarke, Lithium Corp of America: Personal communication. 


Between Adit Level 
and 50-Ft Level 


Spodumene- 
Bearing 
Pegmatite, 
Li,0, Units Tons 


Li,0, Pet Li,0, Units 


51,200 64,000 1.03 65,900 
85,000 1.04 88,400 
45,900 30,000 1.02 30,600 
40,000 to 
50,000 


Published with his permission 


lite, and amblygonite. Because some deposits in- 
clude two or more lithium minerals, not only the 
lithia content of the pegmatite must be determined, 
but also the grade for each of the lithium minerals 
present. Grain measurements can be used to de- 
termine the grade of these minerals, and if only 
one of them is present, chemical analyses can be 
used, Production records may be used to give the 
grade in terms of recoverable mineral. 

Chemical assays are useful to determine the 
grade of such spodumene deposits as the Edison 
pegmatite, Pennington County, S. D., where the 
spodumene is fine grained and uniformly distri- 
buted. The USBM used chemical methods to assay 
channel, bulk, and drill core samples from this de- 
posit.” To check the assays, each of three samples 
analyzed by the USBM was also analyzed by six 
private laboratories. Results are shown in Table V. 
It is noteworthy that the greatest errors are in the 
sample that was selected as having a low content of 
lithia; results for this sample range from a trace to 
1,48 pet Li,O. Only one determination shown on the 
table was lower than the USBM determination for 
the same sample. Actually it was found that re- 
serves computed for the Edison pegmatite, based on 
USBM assays, were very nearly correct, as shown 
in Table VI. The inadvertent mining of waste rock 
with ore probably compensated for any errors in 
assays.” Recent experience has shown that the 
flame photometer gives better results than the more 
difficult chemical methods to determine lithium. 

In estimating spodumene reserves in the Edison 
mine the tonnage of unmined pegmatite was deter- 
mined both from geologic plans and from sections. 
Fig. 5 consists of geologic plans that illustrate the 
structure of this pegmatite, showing the multiple 
nature of the intrusive and the zoning. The core of 
quartz-spodumene and quartz-spodumene-albite 
pegmatite is the orebody. Reserves in various 
blocks of ore above the adit level, between the adit 
level and the 50 level, between the 50 level and the 
100 level, and below the 100 level were calculated 
in advance of mining. In the deeper parts of the 
pegmatite the grade is lower than at higher levels 
because more of the spodumene is altered to mica- 
ceous and clay minerals. 

In five years of mining, from 1945 through 1949, 
most of the spodumene-bearing pegmatite above 
the adit level and much of the pegmatite between 
the adit level and the 50 level was mined. Table VI 
compares predicted reserves and grade with what 
was actually mined. Of the 40,000 tons of spodu- 
mene-bearing rock predicted above the adit level, 
34,000 tons were mined and “several thousand” 
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tons™ still remained in place in 1950. The predicted 
grade was 1.28 pct Li,O, and the grade of rock that 
was mined was 1.35 pct Li,O. Table VI also shows 
that probably more than half the spodumene-bear- 
ing pegmatite between the adit level and the 50 
level had not yet been mined in 1950. The grade of 
rock mined in this block has been 1.02 pct Li,O, 
comparing remarkably well with the 1.03 and 1.04 
pet Li,O predicted. In view of the very complex 
nature of the Edison pegmatite as shown in Fig. 5, 
and the inability of analysts to check each other, 
production records have verified predictions more 
closely than expected. 

Most amblygonite that has been mined in the U.S. 
is from very large crystals, some of them probably 
weighing hundreds of tons. The extremely large 
size of amblygonite in many deposits makes it 
necessary to measure crystals on a very large area 
of pegmatite to determine grade. On the other hand, 
amblygonite in some deposits is relatively fine 
grained, and much of it cannot be recovered by 
hand sorting. The grain size of amblygonite is as 
important a factor as grade in determining whether 
or not a deposit can be mined. 

Lepidolite usually occurs in large aggregates as- 
sociated with cleavelandite, quartz, and other min- 
erals. The lepidolite must be assayed to determine 
whether or not it carries the minimum percent Li,O 
acceptable in the market. Grade is best expressed 
in terms of percent lepidolite rather than units of 
lithia because the product is sold as tons of lepido- 
lite rather than units of lithia. 

Beryl: Estimation of reserves of beryl can be 
most readily accomplished if grain measurements 
are used to determine grade. Beryl is unevenly 
distributed and varies widely in grain size in many 
deposits, and consequently a large quantity of rock 
must be examined to determine grade. 

Chemical and spectographic analyses of channel 
samples, drill samples, or small bulk samples can 
also be used in determining the grade of deposits 
in which beryl is uniformly distributed and is the 
only beryllium mineral present, but it is best to 
confirm the analyses by grain measurements. Ex- 
perience with chemical assays has frequently been 
unsatisfactory because beryllium is difficult to de- 
termine and normally forms such a very small per- 
centage of a deposit that small absolute errors in 
assays can cause errors of 200 pct or more in com- 
puting grade. Spectographic analyses have proved 
more satisfactory. Table I shows results of BeO de- 


Fig. 5 (right)—Plans showing geology projected to the adit, 50 and 
100 levels, Edison spodumene mine, Pennington County, $. D. 
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terminations for samples from the Helen Beryl] peg- 
matite by grain measurements, spectographic as- 
says, and chemical assays. Grain measurements and 
spectographic assays by two different analysts gave 
about the same results, Chemical assays by four 
different analysts, however, differed substantially. 
It is noteworthy that samples that apparently con- 
tain the smallest amount of BeO are those in which 
the largest errors are made. For example, Table I 
shows that for sample 5 one of the chemical ana- 
lysts obtained a result nearly three times as much 
as the average of all the other determinations of 
this sample. 

These difficulties of analysis prevail for all but 
very high grade ores, and the use of grain measure- 
ments is thus nearly always necessary. For the pur- 
pose of determining the BeO content of the bery! 
itself, a graph such as Schaller’s” can be constructed, 
showing the omega index of refraction plotted 
against percent BeO. 

Page” has shown that in the Wood Tin pegmatite, 
Pennington County, S. D., 0.9 pet beryl was re- 
covered in a 4400-ton block of rock from which a 
recovery of 1.0 pet was expected on the basis of 
grain measurements. 

Feldspar: Many feldspar mines are small hand 
sorting operations for which reserve estimates are 
seldom necessary, but relatively large mining and 
milling operations that should use reserve estimat- 
ing techniques are becoming more and more com- 
mon, In either type of operation the percent recov- 
erable feldspar is a figure of importance in express- 
ing the value of a deposit, and for milling operations 
the total feldspar content must also be determined. 

The term grade is used in the potash feldspar 
industry for quality of feldspar, and consequently 
the use of this word to express the amount of feld- 
spar in a deposit can be ambiguous. Much of the 
feldspar of pegmatites, especially plagioclase, occurs 
in grains that are too small or too much intergrown 
with other minerals to be recovered by hand sort- 
ing. For mines that use milling methods, or where 
for some other reason the total feldspar content 
must be determined, grain measurements may be 
used to determine the percent feldspar. In very 
coarse grained deposits the intercepts of feldspar 
crystals on lines separated by fixed intervals can be 
used to determine the feldspar content much as the 
Rosiwal method is used in thin section work. 

Much of the better quality potash feldspar has 
been mined from very coarse grained, hood shaped, 
incomplete zones in the upper parts of pegmatites. 
Perthite is most abundant at the top of these units, 
and as the deposit becomes leaner downward and 
inward the groundmass minerals, chiefly quartz and 
plagioclase, increase in quantity. In blocking out 
reserves these gradual changes must be considered. 

Other Minerals: The other industrial minerals of 
pegmatites, including cassiterite, columbium-tanta- 
lum minerals, pollucite, and uranium minerals, are 
distributed through pegmatite units in much the 
same way as the minerals that have already been 
discussed. Normally these minerals form only a 
small quantity of the rock, even in the richest de- 
posits. Grade may be determined by grain measure- 
ments, by visual estimates on representative faces, 
or by assays. 

The variation in metal content in most of these 
minerals requires that both grade and the metal 
content of the mineral itself be determined. Cohum- 
bite-tantalite, for example, is sold as columbium 


414—MINING ENGINEERING, APRIL 1956 


ore if it contains less than 35 pct Ta,O, and as tan- 
talum ore if above that figure. Other requirements 
for total Cb,O, plus Ta,O, content, percent SnO,, and 
percent TiO, would have to be considered in block- 
ing out reserves. Cost and difficulty of analyses for 
Cb,O, and Ta,O, have led to the practice of purchas- 
ing columbite-tantalite on the basis of specific grav- 
ity. Since the mineral may have a different com- 
position in each zone, reserves must be stated in 
terms of tonnage containing columbite-tantalite of 
some specified Ta,O, content or specific gravity. 


Acknowledgments 


All the geologists of the U. S. Geological Survey 
who worked on South Dakota pegmatites between 
1939 and 1950 and many who worked in other dis- 
tricts have contributed to the formulation of the 
ideas presented in this paper. It is impossible to 
give specific credit to each of these men. Those who 
worked on the pegmatites mentioned in this paper 
include, in addition to the authors, J. W. Adams, 
L. C. Pray, T. A. Steven, M. H. Staatz, Peter Jorale- 
mon, D. B. Stewart, H. G. Stephens, M. P. Erickson, 
and R. E. Roadifer. Aid was also given by mine 
operators, engineers of the U. S. Bureau of Mines, 
and officials of the Colonial Mica Corp., a Metals 
Reserve Co. subsidiary. 


References 


‘H. E. McKinstry: Mining Geology, pp. 279, 390. Prentice-Hall, 
New York, 1948 

*A. M. Bateman: Economic Mineral Deposits, p. 745. John Wiley 
& Sons, New York, 1942 

*W. Lindgren: Minerals Deposits, 4th ed., p. 758. McGraw-Hill 
Book Co., New York, 1933 

*R. R. Chowdhury: Handbook of Mica, pp. 6-7. Chemical Publish- 
ing Co., Brooklyn, N. Y., 1941 

‘B. C. Burgess: Feldspar. In Industrial Minerals and Rocks by 
8S. H. Dolbear et al., 2nd ed., p. 347. AIME, New York, 1949 

*E. H. Dawson: Mica. See Ref. 5, p. 564 

'L. R. Page et al.: Pegmatite Investigations 1942-1945, Black Hills, 
8. Dak. USGS Prof. Paper 247, 1953. (This is the principal refer- 
ence, Other references are cited separately.) 

N. Cameron, R. H. Jahns, A. H. McNair, and L. R. Page: In- 
ternal Structure of Granitic Pegmatites. Economic Geology Mono- 
graph 2, 1949 

*W. D. Johnston, Jr.: Bery!-Tantalite Pegmatites of Northeastern 
Brazil. Geol. Soc. of America Bull. 56, 1945, pp. 1024-1025 

“ E. N. Cameron, D. M. Larrabee, A. H. McNair, J. J. Page, V. E 
Shainin, and G. W. Stewart: Structural and Economic Character- 
istics of New England Mica Deposits. Economic Geology, 1945, vol. 
40, pp. 372-373 

"J. 8. Baker: World Survey of Tantalum Ore. USBM Inf. Cire 
7319, 1945, p. 13 

“ Ref. 8, pp. 13-97 

“W. C. Smith and L. R. Page: Tin-Bearing Pegmatites of the 
Tinton District, Lawrence County, 8. Dak. USGS Bull. 922-T, 1941, 

0 


Pp 

“ Ref. 7, p. 204 

“D. B. Sterrett: Mica Deposits of the United States. USGS Bull. 
740, 1923, p. 295 

“M. P. Erickson and T. A. Steven: Mateen Spodumene Prospect 
In Ref. 7, Plate 27 

“R. H. Jahns and F. W. Lancaster: Phyiscal Characteristics of 
Commercial Sheet Muscovite in the Southeastern United States 
USGS Prof. Paper 225, 1950 

“D. R. Derry: Lithium-Bearing Pegmatites in Northern Quebec 
Economie Geology, 1950, vol. 45, p. 103 

“A. 1. Johnson: Personal communication 

"A. Holmes: Petrographic Methods and Calculations, p. 312 
Thomas Murby and Co., London, 1930 

“LL. R. Page: Uranium in Pegmatitet. Economic Geology, 1950, 
vol. 45, p. 26 

@M. H. Staatz et al.: USGS report in preparation 

“H. G. Stephens and D. B. Stewart: Mineral Distribution in the 
Hot Shot Pegmatite, Custer County, 8, Dak. USGS unpublished re- 
port 

™R. H. Jahns: The Genesis of Pegmatites. II. Quantitative Analy- 
sis of Lithium-Bearing Pegmatite, Mora County, N. Mex. American 
Mineralogist, 1953, vol. 38, p. 1096 

™J. P. Gries: Investigation of the Beecher No. 2 Lithium-Bearing 
Pegmatite, Custer County, 8. Dak. USBM R.I. 4632, 1950, pp. 6-13. 

H. Stevens: Oral communication 

“A. B. Needham: Investigation of Mica Deposits at the White 
Bear, Silver Dollar, Buster Dike, and Hot Shot Mines, Custer 
County, 8. Dak. USBM R.1. 4693, 1950, pp. 52-53, Table V 

"Ref. 7, pp. 206-210 

“A. B. Needham: Investigation of Mica Deposits at the Victory, 
Jack Rabbit, Rainbow, and Midas Mines, Custer County, 8. Dak 
USBM RI. 4507, 1949 

”"G. A. Munson: USBM unpublished report 

"F. F. Clark, P. Zinner, et al.: Edison Spodumene Mine, Penning- 
ton County, 8. Dak. USBM R.J. 4234, 1948, pp. 9-23 

“FF. F. Clarke: Personal communication 

“W. T. Schaller: Bery!|—Preliminary Statement 
lished memorandum, 1948 


USGS unpub- 


Discussion sent (2 copies) to AIME by June 30, 1956, will appear 
in Mintne Encinereine and in AIME Transactions, Vol. 205, 1956. 


TRANSACTIONS AIME 


li 


Particle Size and Flotation Rate of Quartz 


The influence of particle size on the flotation rate of quartz was investigated in 
a series of continuous flotation tests. Experimental results indicate that for quartz 
particles finer than 65 ,» the flotation rate is proportional to the pulp density in the 
cell provided the total concentration of solids in the cell is kept below 5.2 pct by 
weight. A similar relation does not hold for coarser sizes. Optimum flotation be- 
havior is noted for the size range, 37 to 10 ». 


by P. L. de Bruyn and H. J. Modi 


N recent years interest has been aroused in flota- 
tion rate studies both from a technical and a 
more practical aspect. With increasing fineness of 
grind becoming a necessity in treatment of low 
grade ores, differences in flotation rates of various 
size ranges will assume importance in the evalua- 
tion of overall recovery results. 

Theoretical analysis of flotation kinetics was ini- 
tiated by Schuhmann,‘ who sought to define flotation 
rate of a given mineral and specified size range in 
terms of certain physical variables of the flotation 
system. Using as a basis for his analysis the bubble- 
particle encounter hypothesis previously advanced 
by Gaudin,” Schuhmann writes for the rate of flota- 
tion (R,) of particles of average size zx, 


R, = P. P,c(x) VF. 


In this relation P, and P, represent, respectively, 
the probability of collision between particle and gas 
bubble in a given time interval and the probability 
of adhesion of particle to the bubble after collision. 
Rigorously speaking, the term P, does not have the 
significance of a probability factor, since it depends 
on the time interval and therefore can be numer- 
ically greater than unity. The term c(x) expresses 
the concentration of particles of an average size x 
in the flotation cell in weight per unit volume of 
pulp, and V denotes the total volume of pulp in the 
cell. The product, P.c(x)V, defines the frequency of 
particle-bubble collision, and when it is multiplied 
by P, the number of collisions per unit time result- 
ing in successful adherence is obtained. The factor, 
F, measures the froth stability and is introduced 
because after fruitful bubble-particle contact some 
particles may still not reach the froth launder. 
Coalescence of bubbles in the froth column or too 
short a bubble life could account for this effect. 

Schuhmann also introduced the conéept of “spe- 
cific flotation rate” (Q) to allow for the relative 
abundance of different mineral species in the flota- 
tion pulp. The specific flotation rate, having the 
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.. Conditioner 
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Continuous Flotation Cell 
.. Mechenicel Scraper 
Adjustable Weir 
Nitrogen Tonk 
Flow Rate Meter 


Fig. —Schematic diagram of the continuous flotation circuit. 


dimension of reciprocal time, is defined as Eq, 2: 


[2] 


and it also follows from Eq. 1 that 
Q.= P,P. F. [3] 
The theoretical aspects of flotation kinetics were 
also considered by Sutherland,” who tried to im- 
prove Eq. 1 by expressing the probability factors in 
terms of such physical variables as particle radius 
(x), bubble radius (X), velocity of bubble relative 
to particle (wv), the number of bubbles per unit vol- 
ume of pulp (N) and the induction period (A) neces- 
sary for air-mineral adhesion 
According to Sutherland's treatment, the rate 
equation, Eq. 1, transforms to 


R, = (897 X xv N] [sech’(3vr/4X)] V [4] 
where the first term in brackets on the right-hand 
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side of Eq. 4 defines P, and the second term in brac- 
kets defines P, of the Schuhmann equation. The 
term @ denotes the proportion of particles retained 
in the froth after fruitful collision and it has essen- 
tially the same significance as the quantity F in 
Eq. 1. 

From Eqs. 1 and 4 it follows that the rate of 
flotation is proportional to the concentration of the 
mineral in the flotation cell and that the rate con- 
stant will depend on the particle size if the intensity 
of agitation and aeration is kept constant. Neither 
Schuhmann nor Sutherland supplied experimental 
data to prove the validity of a first order rate proc- 
ess. Recently Arbiter,‘ Morris,’ and Hukki’ attempted 
to correlate flotation rate with some relative con- 
centration term (usually cumulative recovery) in 
batch flotation experiments. Arbiter and Hukki con- 
cluded that a second order rate equation describes 
the results, whereas Morris suggested the appli- 
cability of a first order rate equation. 

Continuous flotation testing offers a more reliable 
experimental approach to this problem of flotation 
kinetics than batch testing, as it eliminates the dif- 
ficulty of collecting most of the information in a 
short time. Time enters continuous testing only in 
so far as it is important to determine that a steady 
state has been reached before collecting the required 
information. Schuhmann’ and Gaudin, Schuhmann 
and Schlechten'’ used the continuous testing method 
in studying the flotation rates of certain sulfide 
minerals. Brown and Smith" also employed this 
technique in studying the rate of coal flotation. 

In view of the advantages of a continuous flotation 
technique over that of batch flotation, the continuous 
method was adopted in the present investigation. 
The main object was to determine the effect of par- 
ticle size and solids concentration in the flotation 
cell on the rate of flotation of quartz. 


Experimental Procedure 

Materials: Quartz used in the experimental work 
was crushed and ground to produce about 25 pct of 

400 mesh material. Average size distribution of 
the feed used in all six experiments is given in 
Table I. Size analysis was obtained by a combina- 
tion of screening and sedimentation methods. For 
any flotation run the percent deviation from average 
weight percent for a given size range seldom ex- 
ceeded 6 pet. 
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Continuous Flotation Tests: Flotation tests were 
run in an apparatus similar to that developed by 
Schuhmann.’ Fig. 1 gives a schematic diagram of 
the details of the apparatus. The pulp of ground 
quartz was diluted to 16 1 with distilled water in 
the conditioner tank (A, Fig. 1). After addition of 
reagents the well-mixed pulp was fed to the con- 
tinuous flotation cell (C) by gravity through a con- 
stant head siphon (B). The froth was removed by a 
mechanically operated scraper (D) and the tailings 
were discharged through an adjustable weir (E). 

Dodecylammonium acetate (Armac 12-D) was 
used as collector. The amount of collector was kept 
constant at 0.05 lb per ton of quartz in all experi- 
ments and the frother (DuPont B-23) was fed at 
a rate of 4.75 mg per min. Feed rate of pulp to the 
cell was kept constant for all tests at 505 + 10 cc 
per min. Furthermore, the intensity of agitation in 
the cell as well as the aeration rate was carefully 
adjusted. Nitrogen gas was fed from a tank (F, 
Fig. 1) through a flow rate meter (G) at a controlled 
rate of 4.51 per min. The froth depth in the cell was 
maintained at 0.7 cm. 

After the system reached a steady state, four 
samples each were taken of the froth and the tails 
over 1-min intervals. Usually all four samples were 
mixed to give a large enough sample for sizing 
analysis. 

Throughout this investigation it was assumed that 
mixing in the cell was near perfect so that the con- 
centration of any size range in the cell may be taken 
equal to that in the tails (c,). An experiment was 
conducted to test this assumption. In this test the 
steady state concentration of quartz in the tails was 
30.9 gpl of water. The concentration of quartz in 
the cell was determined by dumping the contents 
of the cell after steady state was reached. A value of 
31.9 gpl of water was obtained, The slightly higher 
value for the cell contents than for the tails analysis 
may be due to the inclusion of a small amount of 
froth in the dumped pulp. 

Size Distribution Measurements: Sizing analyses 
on the tails and froth products were made down to 
400 mesh by screening on Tyler screens and below 
400 mesh by sedimentation sizing. The nonfractiona- 
tion Andreasen pipette method’ was used in the sub- 


Table |. Size Distribution of Flotation Feed 


Pet Retained, 
Size we Sizing Method 


+ 65 mesh 
65 to 100 mesh 
100 to 150 mesh 
150 to 200 mesh 
200 to 270 mesh 
270 to 325 mesh 
325 to 400 mesh 
400 mesh to 37 «* 
37 to 194 
19 to 104 
10 to5 

5a 


Screening 


Sedimentation 


* The value 1.93 pet refers to that fraction of the 400 mesh ma- 
terial which has a Stokesian diameter greater than 37 « as deter- 
mined by sedimentation sizing 


sieve range. Ethylene glycol and not water was the 
settling medium in the pipette in order that lower 
settling velocities might be obtained, especially at 
the coarser subsieve range. Prior to the sizing pro- 
cedure the collector was removed from the quartz 
surface by washing with ethyl alcohol. This clean- 
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ing step was important to prevent any flocculation 
during sizing. 

Since it is proposed to consider particle size as 
one of the fundamental variables in this investiga- 
tion, a correlation between the size scale dependent 
on screening and that determined by sedimentation 


Table I!. Standardized Size Ranges 


Stekesian Diameter, « Corresponding Mesh 


65 to 100 
100 to 150 
150 to 200 
200 to 270 
270 to 325 
325 to 400 


254 to 179 
179 to 127 


under Stokesian conditions must be made. Schweyer” 
and Andreasen” suggested that a sieve correction 
factor equal to 1.22 times the average sieve aper- 
ture be used when a combination of sieve and sedi- 
mentation analyses is required. By applying this 
factor the entire size analysis will be referred to a 
sedimentation sizing scale. A laboratory check of 
this suggestion was made on two different samples 
and an average correction factor of 1.24 was ob- 
tained. In Table II size limits of the various frac- 
tions used in this investigation are expressed in 
terms of Stokesian diameters; corresponding mesh 
values are also included. 


Experimental Results 


The operating conditions for the various continu- 
ous flotation tests are summarized in Table III. 

From Table III it will be noted that the maximum 
percentage of solids in the flotation cell was only 
5.2 pet. This upper limit was dictated by the design 
of the continuous flotation cell. In actual flotation 
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Fig. 3—Effect of cell concentration on the rate of flotation 
of quartz. 
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Fig. 4—Effect of cell concentration on the specific fMotation 
rate of quartz. 


rougher operations higher pulp densities will be 
encountered in the cells but the densities realized 
in this investigation are close to those expected in 
cleaner operations. 

Flotation Rate: Flotation rates for the size ranges 
65 to 54, 54 to 45, 45 to 37, 37 to 19, 19 to 10, 10 to 5, 
and 5 to 0 uw are plotted against the cell concentra- 
tion (c,) for each particular size range in Fig. 2A. 
Except for four points at the highest cell concen- 
trations, a direct proportionality between flotation 
rate and cell concentration or tails concentration is 
indicated for all seven size ranges. The slopes of the 
straight lines for the size ranges 37 to 19 and 19 to 
10 are identical and are the steepest. Due to crowd- 
ing of the points near the origin this part is shown 
on a larger scale in Fig. 2B. 

Results for the size ranges greater than 65 » are 
shown in Fig. 3, in which logarithm of flotation rate 
is plotted against the logarithm of cell concentra- 
tion. In addition to results for the four coarse size 
ranges, data of Fig. 2 are replotted. The plots for 
the four coarse size ranges give reasonably well 
defined straight lines which have slopes greater than 
unity in contrast to the slopes of unity for the plots 
of the seven fine size ranges. 

From Figs. 2 and 3 it follows that the empirical 
relation between flotation rate of a given size range 
(R,) and cell concentration (c,) has the form 


R,= ke; [5] 


where k and n are constants, Experimentation 
showed that n is a positive integer equal to or 
greater than unity. For the particular conditions of 
experimentation, n ha’ a value of unity for all size 
ranges below 65 » except for a total solids concen- 
tration in the cell of 5.2 pet (Test No. 6, Table IIT) 
For the size ranges 90 to 65, 127 to 90, 179 to 127 


APRIL 1956, MINING ENGINEERING—417 


2.0 
1.0 
0! 
127 to 90 
90 to 65 
65 to 54 
54 to 45 | 
45 to 37 
37 to 19 
19 to 10 
10 to 5 
5 to 0 0.01 } 
0.00! 
(3),(4) 
1.0 
(5 
() 
(2) 
0.1 (3)... 19710 
(4) 3719 
(5) 45/37 
0.01 
0.1 


Testi 


Quarts 
Feed rate (g per min) 15.1 
Total flotation rate (g per min) 75 
Froth concentration (a per kg water) 55.5 
Tails concentration (g@ per kg water) 20.7 
Water 
Removal rate in froth (g per min) 136.1 
Removal rate in tails (g per min) 367.0 
Feed rate of pulp to 
flotation cell (ee min) 506 
Feed pulp density (solids, pet) 3.0 


Frother concentration 


4.75 mg per min of B23 
Collector concentration 


0.06 Ib per ton of 
dodecylammonium acetate 
4.5 | per min of nitrogen gas 


Aeration rate 


Table I1l. Operating Conditions of Continuous Flotation Tests 


Test 4 


2 30.4 36.5 444 59.0 
6 16.0 18.5 244 36.7 
5 246.0 437.0 532.0 570.0 
0 33.9 40.0 46.1 55.1 
8 65.1 42.3 45.9 64.4 
4244 451.0 444.0 410.1 
501 507 497 497 
6 62 74 9.3 124 


and 254 to 179, n becomes respectively 1.4, 2.0, 2.6, 
and 3.2, 

Specific Flotation Rate (Q): In Fig. 4 the specific 
flotation rate as defined by Eq. 2 is plotted against 
cell concentration on a log-log basis for the various 
size ranges. As to be expected from Fig. 2, Q is seen 
to be independent of cell concentration for the size 
ranges below 65 yw. This statement is true except 
for some Q values obtained under the conditions of 
test 6 (Table III) and these values are not plotted 
in Fig. 4. Width of the horizontal lines in Fig. 4 
indicates the spread in cell concentration for which 
Q is independent of c,; to avoid crowding, the indi- 
vidual points are not included. Above 65 y», Q is seen 
to depend on the particular concentration of the 
solids in the cell. 

The influence of particle size on the specific flota- 
tion rate is shown in the block diagram of Fig. 5. 
The logarithm of particle size is plotted as abscissa 
and the width of the rectangles in the diagram rep- 
resents the magnitude of the size range. From this 
diagram it will be noted that an optimum Q value 
is obtained in the composite size range, 37 to 10 x. 
Furthermore, up to a Stokesian. diameter of 65 », Q 
is seen to be a function of particle size only, whereas 


Table 1V. Effect of Cell Concentration on Percent Recovery of 
Specific Size Range 
Pereent Reeovery in Froth for Solids 

Size, « tration in G Per Liter 
20.7 27.0 33.9 40.0 Jj 55.1 
254 to 170 1.5 28 3.8 40 6.9 11.0 
179 to 127 12.1 16.4 20.2 18.2 25.6 35.5 
127 to 90 39.6 418 45.5 41.7 49.8 58.5 
90 to 65 66.1 63.5 65.3 72.4 67.2 72.8 
65 to 54 77.0 73.7 44 786.9 73.9 80.5 
54 to 45 63.9 70.9 618 82.6 79.6 62.9 
45 to 97 85.0 83.4 83.8 82.7 63.5 85.2 
37 to 19 88.0 86.3 85.7 85.2 658 88.3 
19 to 10 67.8 65.8 86.2 65.2 85.3 87.2 
10 to 5 86.9 4.1 83.9 42 86.2 
5to0 86.5 42.3 82.5 62.0 81.3 83.6 


above this critical size Q is also dependent on the 
concentration of solids in the flotation cell. This 
effect of cell concentration is indicated by the length 
of the shaded portion of the rectangles; the maxi- 
mum value of Q for a given size range was obtained 
under the conditions of test 5 and the lowest value 
was determined in test 1. 

The dotted line extensions of the rectangles show 
the relation between Q and particle size at a total 
solids concentration of 5.2 pct (test 6) in the flota- 
tion cell. For this test Q@ does not appear to be a 
simple function of particle size alone and the results 
suggest that there is a limiting solids concentration 
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above which the specific flotation rate also varies 
with cell concentration at constant particle size. 
More experimental data are required before a de- 
tailed analysis of this suggestion could be attempted. 

Recovery: Influence of particle size and total 
solids concentration in the cell on the recovery of 
quartz is shown in Table IV, which also shows that 
the recovery of particles finer than 54 » (325 mesh) 
is independent of total solids concentration in the 
flotation celi and that it is very nearly the same for 
all these size ranges. The percent recovery of mate- 
rial coarser than 54 » is more strongly influenced by 
cell concentration and it drops off markedly with 
increasing size at constant c,. 


Discussion 

Since a single solid phase flotation system was 
chosen for study, in practice this system resembles 
more closely the cleaner than the rougher operation. 
The authors are aware that even for this simple 
system more experimental data are needed than 
those reported in this paper before a detailed analy- 
sis can be attempted. Some valuable information, 
however, was obtained in this brief investigation 
which illustrates the value of the continuous flota- 
tion testing method. 

No exact and complete relationship could be estab- 
lished among the variables: flotation rate, particle 
size, and cell concentration. For a limited range of 
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Fig. 5—Effect of particle size on the specific flotation rate 
of quartz. 
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particle size and pulp density the first order rate 
equation postulated by Schuhmann and Sutherland 
is obeyed. Brown and Smith" in studying the con- 
tinuous flotation of coal in the size range 30 to 200 
B.S.S. mesh also found a simple proportionality be- 
tween flotation rate and cell concentration for a 
limited pulp density range. In the tests where the 
first order rate equation is applicable the value of 
the specific flotation rate determines the magnitude 
of the rate constant for the particular size range. 

The amount of collector per unit weight of solids 
was kept constant in all the tests but the concen- 
tration of the collector in the liquid phase increased 
with increasing percent solids in the feed pulp. If 
it be assumed that the amount of collector adsorbed 
is small compared to the total amount added then 
the concentration of dodecylammonium acetate in 
the conditioning tank varied from 3.1 x 10° mols 
per 1 (0.75 mgpl) in test 1 to 1.3 x 10° mols per 1 
(3.1 mgpl) in test 6. Experiment has shown that the 
adsorption density of collector is a function of the 
equilibrium collector concentration in the solution 
phase.” From adsorption tests, de Bruyn” has 
shown that the minimum equilibrium concentration 
of dodecylammonium acetate in solution for which 
complete flotation of quartz is effected at neutral 
pH is 5 mgpl (2 x 10” mols per liter). In all the tests 
run in this investigation the collector concentration 
was therefore below the optimum amount required 
for complete flotation and it is interesting to note that 
for no size range was a 100 pct recovery achieved. 
Starvation amounts of collector were needed to yield 
the greatest amount of information on the kinetics 
of flotation. 

There is no question that reactions at the quartz 
surface were allowed to proceed towards equilibrium 
before the quartz was given a chance to float. The 
residence time of the solids in the conditioner was 
long enough and the agitation of the pulp intense 
enough for the establishment of an equilibrium sur- 
face coverage by the collector. Gaudin and Morrow” 
have shown that for the particle sizes involved in 
the present investigation the adsorption density is 
not a function of particle diameter. The difference 
in the flotation behavior of the + 65 yw material as 
opposed to that of the —65 » material therefore is 
not to be explained by changes in the degree of 
hydrophobicity of the surfaces. However, since star- 
vation amounts of reagent were used, the support- 
ing forces involved in particle-bubble stability might 
not have been strong enough to overcome com- 
pletely the disrupting hydraulic and inertia forces 
for the coarser particle sizes. Gaudin and Morrow” 
measured contact angles of magnitude between 0° 
and 10° on smooth quartz surfaces for the solution 
concentration range 3 x 10* to 1.3 x 10° mols per | 
of dodecylammonium acetate. It is conceivable that 
these low contact angles that determine the mag- 
nitude of the supporting force and the high shearing 
forces developed in the continuous cell might ac- 
count for the low recoveries of the coarse quartz 
particles. Strictly speaking the statement about the 
role of contact angle is cnly correct when plane sur- 
faces are considered. The supporting force will have 
a maximum value for a particle bound by plane 
surfaces when the collector concentration is fixed.” 
This analysis suggests therefore that the probability 
of adhesion did not remain constant for the coarser 
sizes and therefore Q varied with pulp density. 

The froth layer in the continuous flotation cell 
was quite shallow in all the experiments. This 
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means that the mineral must have been removed 
almost as fast as it appeared in the froth. Never- 
theless, the coarser particles released by bursting 
bubbles might have had a chance to settle back into 
the cell. Such a possibility might also afford a par- 
tial explanation of the lower recovery of coarser 
material, especially when it is recalled that the 
froth appeared more stable in the last few tests 
than in the earlier tests. The greater stability of the 
froth in the later tests was apparently due to 
greater mineralization of the gas bubbles in the 
froth, in turn brought about by the higher pulp 
density of the feed. 

Summary 


Flotation tests have been run in a continuous 
flotation cell to determine the effect of particle size 
on the rate of quartz flotation. The following vari- 
ables were kept constant in the tests: the rate of 
agitation and aeration, the amount of collector 
(dodecylammonium acetate) per weight of quartz, 
the volumetric feed rate and the size distribution 
of the feed. The percent of solids in the feed, and 
therefore also the percent of solids in the cell, was 
allowed to vary. Sizing analyses were made on the 
froth and tails products of the flotation runs; 
screening and a nonfractionation sedimentation 
method were used in obtaining the size distributions. 

Results of the investigation may be summarized 
as follows: 

1) A first order rate equation describes the rate 
of flotation of quartz particles below 65 y» in size 
provided the total percent solids in the flotation cell 
is less than 5.2 pet. Under these conditions the 
specific flotation rate of the different size ranges is 
independent of the cell concentration. 

2) Above a particle size of 65 » the flotation rates 
of the size ranges are not described by a simple first 
order rate equation. The specific flotation rate is a 
function of cell concentration. 

3) Specific flotation rate, which is independent 
of the relative abundance of the solid, reaches a 
maximum value in the size range 37 to 10 yu. 

4) Recoveries between 80 and 85 pct were ob- 
served for size ranges below 65 » (micron). Much 
lower recoveries were determined for the coarser 
sizes and these were strongly dependent on cell 
concentration. 

Acknowledgment 

The authors wish to thank the Ford Foundation 
for making this investigation possible by granting 
a study fellowship to H. J. Modi to attend Massa- 
chusetts Institute of Technology. 


References 


‘2. Schuhmann, Jr.: Journal of Physical Chemistry, 1942, vol. 46, 
p. 89 

M. Gaudin: 
York, 1922 

*K. L. Sutherland: Journal of Physical Chamistry, 1947, vol. 52, 
p. 304 

*N. Arbiter: AIME Trans., 

®T. M. Morris: AIME Trans., 1952, vol. 19 p. 704 

*R. T. Hukki: AIME Trans., 1953, vol. 196, 1122 

Gaudin, R. Schuhmann, Jr., and A Schiechten: Journal 
of Physic al Chemistry, 1942, vol. 46, 902 

*D 


Flotation, Ch. 6. MeGraw-Hill Book Co., New 


1951, vol. 190, 791 


J. Brown and H. G. Smith ransactions of the Inetitute of 
Mining Engineers, 1953-54, vol. 113, pt 2, p. 100 
H. M. Andreasen: Kolloid Beihefte, 1928, 27, 348 
BE. Schweyer: Chemical Reviews, 1942, vol. 31, p Sos 


"A. H. M. Andreasen: Kolloid Zeit., 1928, vol. 48, p. 175 

“P. L. de Bruyn: AIME Trans., 1955, vol. 202 

“A. M. Gaudin and J. G. Morrow: AIME Trans, 1964, vol. 198, 
p. 1196 

“A. M. Gaudin: Principles of Mineral Dressing, Ch. 15. MeGraw- 
Hill Book Co., New York, 1039 


This paper is abstracted from the thesis submitted by H. J. Modi 
in partial fulfillment of the requirements for the degree of Master 
of Science at Massachusetts Institute of Technology, 1063 

Discussion sent (2 copies) to AIME by May 31, 1066, will « r 
in Mintine Ewciweeceine and in AIME Transactions, Vol. 206, 1 


APRIL 1956, MINING ENGINEERING—419 


ii ; 


a 


Application of the Phi Scale to the Description 
Of Industrial Granular Materials 


by C. H. Bowen 


p™Dvustay needs a generally applicable means of 
defining average grain size and grain size distri- 
bution. Students of sediments have explored this 
field, employing methods that might also prove use- 
ful in engineering problems. 

Before attempting to solve specific problems it is 
well to review the derivation of commonly used 
grade scales and the reasons for their selection. This 
aspect of the problem seems largely to have been 
lost, and a review of basic factors may suggest causes 
for failures in using size analysis data. 

Three facts are implicit in selection of a grade 
scale: 

1) Most particulate mixtures are continuous dis- 
tributions of sizes, and any grade scale that may be 
employed is an arbitrary means of visualizing that 
distribution. 

2) For purely descriptive purposes, any grade 
scale, regardless of the rationality of the class in- 
tervals, will be satisfactory if it is accepted by a 
sufficient number of workers. 

3) For analytical purposes, class intervals must 
be small enough to define the continuous distribu- 
tion accurately. Further, where statistical studies 
are involved, a fixed relationship should exist be- 
tween classes or grades. 

An argument in favor of geometrically related 
size grades lies in the fact that most particulate 
mixtures contain such a wide range of sizes that use 
of an arithmetic diameter scale is practically im- 
possible. Udden, who recognized this fact in 1898,’ 
proposed one of the first grade scales based on a 
regular geometrical interval. Udden used 1 mm as 
his basic diameter and a ratio of 2 (or %) between 
classes. 

In 1922 Wentworth’ re-examined Udden’s grade 
scale, retaining the same class interval and basic 
diameter, but extending the scale in both directions 
and renaming the classes. In 1930 (Ref. 3, p. 82) 
the American Society of Testing Materials proposed 
what is now known as the U.S. Standard fine sieve 


series, also based on the 1 mm diam, with a \/2 ratio 
between sieves. This, then, is a one fourth Udden- 
Wentworth series in the sizes below the 4 mesh 
sieve. The U.S. Standard coarse sieve departs from 
the 1 mm base and uses inches; hence it is not a 
direct continuation of the fine series. 

The U.S. Standard series would thus seem to 
possess all the attributes of a good grade scale, which 
it is. It has a large number of classes (sieves), in 
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fact too many for practical use in its entirety. This 


\/2 subdivision of the Wentworth grades has led to 
the common use of two \/2 sieve series, the half- 
Wentworth and the engineers’ series. Geologists and 
sedimentologists favor the half Wentworth, or 18, 
25, 35, 45 sieves, etc., whereas the engineers, pre- 
ferring round numbers, utilize the other half of the 
U.S. Standard grade scale in the 16, 20, 30, 40 sieves, 
etc. The fixed geometrical ratio between classes is 
an advantage in statistical analysis, but the unequal 
classes cause some complications in calculations. 
This is especially true when moment measures are 
used. It was to simplify these calculations that 
Krumbein in 1934 devised the phi scale. 

Phi is defined as being equal to —log, of the 
diameter in millimeters. Selection of logarithms to 
the base 2 relate the phi scale directly to the Went- 
worth grade scale in such a manner that the whole 
or fractional diameter values 2, 1, %, “% mm, etc., 
become rational whole numbers, —1, 0, 1, 2, etc. Since 
this is an arithmetic rather than geometric series, 
calculations are facilitated. When the logarithm is 
multiplied by —1 the phi values below 1 mm become 
positive, those coarser than 1 mm negative. Because 
of its relationship to the Wentworth grade scale 
(and in turn to the U.S. Standard fine sieve series) 
it is not necessary to use the transformation equa- 
tion to calculate the phi value for each individual 
sieve; this can be done graphically as shown in Fig. 
1. It should be noted that this graph may be ex- 
tended in either direction to include the range of 
sizes most commonly used by the individual worker. 


Application to Statistical Analysis 

Any attempt at systematically relating size analy- 
sis data to properties involves a statistical study 
whether it is recognized as such or not. Since this 
is true it would seem more logical to use measures 
and devices related to the general body of statistical 
theory. 

Several methods are available for studying par- 
ticulate mixtures. One of the most commonly em- 
ployed, and also the most often misused, is the 
histogram or block diagram. If its limitations are 
recognized and provided for, the histogram is a very 
useful tool. According to conventional practice, the 
bars of equal width are plotted and the values noted 
in terms of diameters, when in point of fact, log 
diameter is implied by such notation. Further, the 
histogram is sensitive to choice of grade scale and 
size of class interval, either of which may color the 
result. Grade scales whose classes are not related 
by fixed intervals are particularly difficult. Another 
basic weakness of the histogram is that it pictures a 
continuous distribution as a series of discrete grades. 
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Fig. |\—Conversion chart. 
Diameters to phi. (After 
Krumbein and Pettijohn.) 
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A second device employs moment measures: the 
mean, standard deviation, and higher moments of 
the distribution. Since moments cannot be used with 
open-ended data, complete size analyses must be 
made. For serious research this device may be best, 
and it is in this applicetion that the phi scale is 
perhaps most useful. 

Cumulative curves, being integral curves of con- 
tinuous frequency distributions, avoid most of the 
objections to the histogram. Their simplicity makes 
them more applicable to commercial use than the 
moment measures. Krumbein and Pettijohn (Ref. 
3, p. 195) indicate that cumulative curves are essen- 
tially independent of the grade scale employed, and 
also that it is not necessary for the classes to bear 
a fixed ratio to each other. They suggest that while 
curves based on different grade scales may not be 
completely identical, if enough points (about 10) 
are selected and care is exercised in smoothing the 
curves, the variations will not be great. 

Statistical parameters taken from the cumulative 
curve can be derived from open-ended data, and it 
may not be necessary to analyze the extremely fine 
or coarse ends of the distribution. Cumulative curves 
based upon diameter values are plotted on semilog- 
arithmic paper, and certain of the statistical measures 
involve division and extraction of square root. With 
the phi seale, ordinary 1/10-in. graph paper is used, 
the measures are derived by simple addition or sub- 
traction, and the inherent simplicity of the method 
is enhanced. 

The most commonly used statistical values de- 
rived from the cumulative curve are the median 
(Md), quartile deviation (Qd), and quartile skew- 
ness (Skq). The median is defined as the midpoint 
of the distribution and is obtained by determining 
the diameter (or phi) value of the intersection of 
the 50 percentile with the cumulative curve, see 
Fig. 2. 

Quartiles are obtained by finding the value of the 
intercepts of the 25 pct and 75 pct lines with the 
cumulative curve, Fig. 2. Quartiles measure the 
characteristics of the central 50 pct of the distribu- 
tion; deciles (10 pet and 90 pct intercepts) measure 
the central 80 pct and may be used analogously. For 
industrial use it is felt that deciles are preferable, 
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and the examples given will use these measures. 
Because phi values increase toward the right ana 
diameter values decrease in that direction (as com- 
monly plotted) notation of parameters will be re- 
versed. The equations that follow will apply if it is 
understood that D, (Q,) is given the larger value." 

* For complete discussion of the use of quartile measures and size 
analysis the reader is referred to Krumbein and Pettijohn.* 

The decile deviation (Ddé) is a measure of the 
degree of scatter or sorting and is expressed by the 
formula Ddé (D, — D,)/2. Because phi values are 
logs of the diameter values the degree of sorting 
between samples may be directly compared. Fur- 
ther, the deviation is given in forms of phi grades 
(or sieves), easily visualized units. If a \/2 series 
of sieves is employed the phi deviation is multiplied 
by 2 to give the deviation in terms of sieves. Because 
of the arithmetic relationships and the terms in 
which it is given the decile spread DS (D, — D,) 
may be a more useful measure than the decile 
deviation (D, — D,)/2. 

If it is important to define the asymmetry (skew- 
ness) of the curve, phi values again simplify the 
calculations. Phi skewness is defined by the equa- 
tion SKdé %(D, + D,—2Md). Negative values 
indicate that the coarse side of the decile distribu- 
tion is more widely spread (poorer sorting); posi- 
tive values indicate the reverse. The actual phi 
spread of the deciles with reference to the median 
may be directly obtained by simple rubtraction by 
D, ~ Md and Md — D,; the smaller phi value indi- 
cates closer grading on that side of the median. 


Application to Engineering 
Most of what follows is based on studies of indus- 
trial sands and aggregates, mainly because consid- 


erable data were readily available. Principles and 
concepts should apply to other particulate sub- 
stances. Because of wider size range, decile measures 
based on the phi cumulative curve are used. 
Foundry Practice: Foundries purchase sands on 
the basis of average grain size, distribution, and 
permeability, or simply because the sand gives 
acceptable castings, with not too much scrap. 
Average grain size is at present defined by grain 
fineness number (GFN) or that sieve size which 
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would theoretically pass a sample of uniform grain 
size, Determining the GFN is tedious and because of 
certain arbitrary multipliers, often inaccurate. Using 
cumulative curves easily determines the median 
(Fig. 2) and if the median is expressed in phi values 
it may be converted readily to diameter or mesh by 
means of the chart (Fig. 1). 

Neither GFN nor median will define distribution. 
At present that property is loosely defined as the 
bulk of the sand on X sieves. More recently it has 
been proposed that any sieve that retains 15 pct or 
more of the material should be counted as a screen. 
Sieves retaining 5 to 7 pet may or may not be 
counted as one half screen. Needless to say, such 
specifications are rather loose and subject to opinion. 
Using the phi cumulative curve (curve A, Fig. 2) 
and decile measures it can be readily determined 
that the spread of the deciles is 1.8 phi grades. In 


Fig. 2—Commercial 
molding sands. The me- 
dian is obtained by de- 
termining the diameter 
(or phi) value of the in- 
tersection of the 50 per- 
centile with the cumu- 
lative curve. 


other words, the central 80 pct of the distribution 
is spread over 3.6 \/2 series sieves, with no equi- 
vocation. It is an expressive number meaning the 
same thing to producer or consumer. Since sand A 
has a Md = 2.0 phi (0.250 mm., 60 mesh) this sand 
might be described as a 2.0 — 1.8 sand. Likewise 
sand B (Fig. 2) would be a 2.55 — 0.75 sand. Inci- 
dentally, it is twice as well sorted as sand A. 

If the foundryman had these two sands available 
but wanted to compound a mixture of different 
characteristics, the proportions could be determined 
by graphic means, Fig. 3. Assuming that he desired 
a blend with a median (Md) = X4¢, by scaling the 
distances Xy and Xz he could determine the propor- 
tions by the equation: 

A: B= XZ: XY = 14.7: 7.3 = 2:1 or two parts 
of sand A and one part sand B. It will be noted that 
an inverse relationship exists. The shape of the re- 
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deviation. (After Krumbein and Pettijohn.) 


sulting curve may be defined by plotting points at 
the proportional distances along several ordinates 
as measured from the given curves. Curves may also 
be constructed to describe the distribution resulting 
from any given proportions of two materials. Step- 
wise constructions involving more than two con- 
stituents may also be made. 

Search for New Deposits: It is the author's 
opinion that greater use may be made of the geo- 
logical literature. In recent years the trend in geo- 
logical literature has been to report size analyses 
in terms of the phi scale and the practice is spread- 


ing. Earlier reports generally express results in 
diameter values according to the Wentworth or half 
Wentworth grade scales. If the size analyses are 
given, it is simple to plot the curves in terms of phi 
values and then have a direct picture of the pros- 
pective deposit in terms of market specifications. 
If phi curves are shown, part of the work is already 
accomplished. If diameter curves are depicted it 
may be necessary to scale the values and replot the 
curves. 

It may often happen that only the statistical para- 
meters are recorded. The median can, of course, be 
used as defined. Sorting indices (So) are the geo- 
metrical quartile deviation, based on diameter 
values, and may be converted to phi quartile devia- 
tions via the chart shown in Fig. 4. It should be 
borne in mind that the result is phi quartile devia- 
tion. The phi quartile spread may be obtained by 
multiplying the deviation by 2. Since quartiles 
measure the central 50 pet of the distribution some 
mental extrapolation is required if decile measures 
are desired. However, in normal distributions, a 
small quartile spread is usually reflected by a rela- 
tively small decile spread and vice versa, It may be 
of interest to note that water transported sediments 
with median diameters between 60 and 100 mesh 
tend to be well sorted and therefore usually display 
small decile spreads. Armed with these concepts, a 
producer looking for new deposits may scan the 
existing literature and perhaps save a great deal of 
money by avoiding fruitless field work. 

Civil Engineering: Civil engineers usually record 
size analyses in terms of percent passing certain 
sieves. Cumulative curves plotted in this manner 
are mirror images of those plotted as percent re- 
tained. Extension of the conversion chart, Fig. 1, 
toward the coarse end may be done by projection 
or by calculation. The phi values of the coarser 
sieves may be determined by finding the diameter 
in millimeters and then solving by means of the 
equation: log,N Log,N/0.301. 

The statistical measures may be obtained and 
used as in the retained type curve except that the 
deciles are reversed, eg., D, 90 pet and D, 10 
pet (Fig. 5). Graphic solution of blends may be 
made, even though the curves do not overlap, by 
considering the upper and lower base lines as pro- 
jections of the curves (Fig. 5). 


Percent 
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Fig. 6—Conversion chart. Diameter values to phi, fine size range. 


Since the usefulness of the fineness modulus as 
a criterion in concrete and asphalt mixes is being 
questioned, these parameters may facilitate statis- 
tical problems involving size distribution vs strength. 
If regular, even distribution is sought in a concrete 
aggregate, the resultant curve Y, Fig. 5, the blend 
in usual proportions of actual aggregate gradings, 
would indicate a lack of material retained on the 
%-in. to 8-mesh sieves. 

Sanitary Engineering: Filter sands are specified 
on the basis of effective size Se, that diameter 
(millimeters) passing 10 pct, and uniformity coeffi- 
cient, Cu. The uniformity coefficient is defined as 
diameter (mm) passing 60 pct/diameter (mm) pass- 
ing 10 pet. Phi effective size would obviously be 
D, (retained type curve). Phi uniformity coefficient 
could be simply obtained by Cu = (D, — D,) which 
would not only admit comparison between samples 
but express Cu in terms of phi grades (sieves). If 
difficulty is encountered in relating Cu to filtering 
capacity or other properties, the answer may lie in 
the asymmetrical relationship between D, and D, to 
the median. 

The more symmetrical D, : Md : D, relationship 
should be an even better measure of sorting or uni- 
formity of the distribution. 

Ceramic Engineering: In whiteware slips where 
most of the material is in subsieve sizes, use of the 
phi scale may not be necessary. The phi scale con- 
version chart can, of course, be projected (or calcu- 
lated) for these finer sizes, Fig. 6. However, if the 
size range employed includes both sieved and sub- 
sieve size particles the phi scale is definitely indi- 
cated, It gives a natural transition not always em- 
ployed at present. 

In refractories, where maximum density is sought, 
this system would be most helpful in studies of the 
relationship of grain size distribution to this prop- 
erty. Other applications in structural clay bodies 
are possible. Since average grain size and size dis- 
tribution are so important in abrasives, this field 
should find the method useful. 


Summary and Conclusions 


Most particulate mixtures are in reality continuous 
distributions of sizes and any grade scale that may 
be used is purely an arbitrary device to obtain a 
picture of distribution. Best visual results are ob- 
tained by depicting size analysis data in the form of 
continuous distributions, either by means of cumu- 
lative or frequency curves. 
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Any widely accepted grade scale will suffice if 
used only for descriptive purposes. However, if it 
is desirable to relate size analysis data to other 
properties, statistic analysis is involved even if not 
formally stated; for such work a grade scale based 
on fixed geometrically related classes is desirable. 
By virtue of its relationship to the U.S. Standard 
sieve series, its arithmetic relationship between 
classes, and simplicity of the plotting and calcula- 
tion of parameters, the phi scale is considered the 
most useful of several devices that can be employed 
in such statistical studies by industry. 

The statistical parameters that may be derived 
from a phi cumulative plot are readily obtained, are 
related to the body of statistical theory, and are 
definitive. These include: 

1) The median (Md¢) derived by reading the 
phi value of the intersection of the 50 percentile 
with the cumulative curve. Diameter values or ex- 
pression as lying between certain sieves of the 
standard series are easily obtained from a chart. 

2) The decile spread (DS¢ = D, — D,) describes 
the spread of the central 80 pct of the distribution. 
Further, the spread is measured in phi grades and 
direct comparison of the degree of sorting between 
samples can be made. Because of the direct rela- 
tionship between the phi scale and the U.S. Standard 
fine sieve series the spread in phi values can also 
be expressed in terms of sieves. 

3) Decile skewness (Skdé = %(D, + D, — 2Md) 
measures the asymmetry of the distribution with 
respect to the median. A direct measure of asym- 
metry may be made by determining the phi differ- 
ence between the median and the two deciles. 

4) If only the central 50 pct of the distribution 
is of interest, quartile measures may be used in an 
analogous manner. Most geological literature ex- 
presses the parameters in terms of quartiles. 

While it is impossible to define all the uses of this 
system of size analysis expression, it is felt that it 
may be profitably used wherever median grain size, 
spread of size distribution, and asymmetry of dis- 
tribution may have an important bearing on the 
product. Graphic calculation of blends of materials 
can be obtained, and where many blends are made, 
proportional dividers would be useful. Specifications 
may be expressed in definitive terms, obviating much 
of the bickering due to specifications based upon 
opinion that are in common use at present. In normal 
distributions, if only the three parameters Md (50 
pet, D, (90 pet), and D, (10 pet) are given it is pos- 
sible to obtain a rather clear picture of the cumula- 
tive curve from which these phi values were taken. 
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Pacific Northwest Sections to Play Host 
To Miners and Metallurgists in Seattle in May 


Aerial view shows part of the downtown Seattle area. Mining and metallurgical engineers will convene here in May. 


The Olympic Hotel in Seattle, Washington will be 
host to AIME members when they convene May 3 
to 5 for the Fifth Pacific Northwest Regional Con- 
ference. Co-sponsored by the Oregon, North Pacific, 
and Columbia Sections, the conference will be ad- 
dressed by Grover J. Holt, President-Elect of AIME. 
Mr. Holt, who is general manager of the Ore Mining 
Dept., Cleveland-Cliffs Iron Co., Ishpeming, Mich.., 
will be the featured speaker at the banquet sched- 
uled for Friday evening, May 4. Earl R. Marble, 
American Smelting & Refining Co., Tacoma, will 
serve as toastmaster. 

The impressive roster of speakers includes J. Gor- 
don Parr, Assoc. Prof. of Metallurgy, Univ. of 
Alberta, who will address the Metals Branch Lunch- 
eon on Thursday, answering the query, How Does 
the Metallurgist Get the Urge? The Mining Branch 
will hear Desmond F. Kidd, CIM past-president and 
president and general manager of Attwood Copper 
Mines Ltd., who will speak on This Progress of Ours, 
at the luncheon scheduled for May 4. 

Mr. Kidd, who has been a consulting geologist 
since 1935, graduated from the Univ. of British 
Columbia where he received a B.S. degree in Geo- 
logical Engineering. He went on to earn a Ph.D. 
at Princeton in 1933. While an undergraduate, he 


became student assistant with the Geological Survey 
of Canada and by 1930 held the position of staff 
geologist. From 1929 to 1931, Kidd was a member 
of the group that completed the geological explora- 
tion of the northwest coast of Hudson Bay. Later, 
he investigated the uranium deposits in Great Bear 
Lake. A member of AIME since 1942, Mr. Kidd was 
president of CIM for the year 1952-3. 

A choice of three tours is open to those attending. 
In Seattle, a visit to the Kaiser Gypsum Co, wall- 
board plant has been arranged. It is one of the most 
modern in the industry and the only one of its kind 
in the Pacific Northwest. This trip will also include 
stops at the Glacier Sand & Gravel Co., a Kaiser 
subsidiary, and the portland cement distribution 
plant, Permanente Cement Co. 

Visitors to Renton will be shown through the 
extensive plant of the Pacific Car & Foundry Co., 
while the Tacoma bound group will take in the 
American Smelting & Refining Co. copper smelter 
and refinery and the Kaiser aluminum reduction 
plant. Round-trip bus transportation has been ar- 
ranged for all the tours. Ladies are invited to all 
conferer:ce activities including the plant trips. 


For program details, turn the page. 
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DeZURIK VALVES 

EASY OPERATION 

LUBRICATION 


LEAKAGE! 


ad THIS EXCLUSIVE ECCENTRIC 


PRINCIPLE ACCOUNTS FOR 
THE OUTSTANDING PERFORM- 
ANCE OF DeZURIK VALVES 
ON SO MANY SERVICE LINES. 


OPEN FULL 


DEAD SHUT 


ECCENTRIC PRINCIPLE 


The DeZurik Valve combines an eccentric: 
shaped plug and an eccentric-raised seat in 
the valve body. The slightest rotation of 
the plug breaks the contact and it swings 
open with an easy quarter-turn., 


NO LUBRICATION 


Because there is no friction between the 
plug and the valve body, NO LUBRICATION 
1S REQUIRED. The danger of contamination 
from lubrication of the plug is eliminated 
in DeZurik Valves. 


RESILIENT-FACED PLUGS 


Metal-cored plugs are available with a variety 
of synthetic facing materials, These resilient 
plug-facings seal around solids in the flow — 
effectively eliminating leakage even on lines 
carrying solids in suspension. 


Test a DeZurik Vaive—prove its effi 
cirency-——on lines carrying pulp, tailings, 
slurries, wash water on ANY line 
where tight shut-off ond quick, easy 
operation ore required. in sizes from 
va” thru 20”; manual, pneumatic, hy 
drauiic of electric operators; with 
flanged, screwed or victaulic ends. Rep- 
resentotives in principal cities 
OR WRITE 


De ZURIK SARTELL, MNS, 
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Schedule: Technical Sessions 


THURSDAY, MAY 3 


9:30 am Junior Ballroom 
Mining Division 
Chairmen: W. C. Douglass, Vice President, Kelowna Mines-Hedley 
Ltd., Seattle, and H. C. Hughes, Chief Inspector of Mines, British 
Columbia Dept. of Mines, Victoria, 8B. C., Canada 


Importance of Washington Coal Reserves in the Re- 
gional Power Picture: J. F. Ward, managing 
director, Washington State Power Commis- 
sion, Olympia, Wash. 

Underground Transportation at the Pend Oreille 
Mine: L. G. Billings, superintendent, Pend 
Oreille Mines & Metals Co., Metaline Falls, 
Wash. 

Rock Bolting in Metal Mines: H. K. Schmuck, prod- 
uct engineer, The Colorado Fuel & Iron Corp., 
Denver. 

Petroleum and Natural Gas in British Columbia: 
C. E. Cleveland, senior geologist, Pacific 
Petroleums Ltd., Vancouver. 


2:00 pm Junior Ballroom 
Minerals Beneficiation Division 
Chairman: W. D. Nesbeitt, Manager, Spokane District, Allis-Chalmers 
Manufacturing Co., Spokane, Wash. 


The Impact of New Flocculents on Hydrometal- 
lurgical Processes: R. S. Olson, metallurgist, 
The Dow Chemical Co., Western Div., Pitts- 
burg, Calif. 

Factors Influencing the Selective Flotation of Com- 
plex Lead-Zine Ores: D. W. McGlashou, R. R. 
Beebe, and F. M. Randall, Montana School of 
Mines, Butte, Mont. 

Sunshine Milling Practice: Wayne Gould, mill super- 
intendent, Sunshine Mining Co., Kellogg, 
Idaho 

A Review of Uranium Milling Practice to Date: 
E. C. Bitzer, metallurgical engineer, Golden, 
Colo. 


8:00 pm Junior Ballroom 
Mineral Industry Education Division 


Chairman: D. A. Pifer, Director, School of Mineral Engineering, 
University of Washington, Seattle 


Problems in High School Science Education: Lyle 
Watson, science consultant, Seattle Public 
School System, Seattle 

Freshman Engineering Education: E. R. Wilcox, 
executive officer, Dept. of General Engineer- 
ing, University of Washington, Seattle 

Trends in Engineering Education: H. E. Westman, 
dean, College of Engineering, University of 
Washington, Seattle 


FRIDAY, MAY 4 


9:00 am Junior Ballroom 


Industrial Minerals Division 
Chairman: H. D. Kelly, U. S. Bureau of Mines, Seattle 
Industrial Mineral Industries of the Pacific Rim— 
Recent Developments and Expected Trends: 


= 
| 
| 


DESMOND F. KIDD, 
past-president, CIM, 
and president -gen- 
eral manager, Att- 
wood Copper Mines 
Ltd. will be the 
speaker at the Min- 
ing Branch luncheon 
on Friday, May 4. 


R. J. Anderson, assistant to the director, 
Battelle Memorial Institute, Columbus, Ohio 

Preparation, Marketing, and Uses of Expanded 
Shale: Frank Spangler, president, and Milton 
Schultz, Empire Building Materials Co., Port- 
land, Ore. 

Requirements for Industrial Silica in the Pacific 
Northwest: E. E. Mueller, Associate Professor, 
Dept. of Ceramics, University of Washington, 
Seattle 

Recent Advances in the Structural Clay Products 
Industry: N. R. Fosseen, president, Washing- 
ton Brick & Lime Co., Spokane, Wash. 

Olivine: Kermit Bangtson, Chemical Engineering 
Dept., University of Washington, Seattle 


12:30 pm Olympic Bow! 
Mining Branch Luncheon 


Toastmaster; W. C. Douglass, vice president, Kelo- 
wna Mines-Hedley Ltd., Seattle 

Speaker: Desmond F. Kidd, past-president, CIM, 
president and general manager, Attwood 
Copper Mines Ltd., Vancouver 

Address: This Progress of Ours. 


2:00 pm Room B 
Geology Division 
Chairman: Pau! Billingsley, Mining-Geology Consultant, 
Burton, Wash. 


Tectonic Patterns of the Western United States: 
Peter Misch, Dept. of Geology, University of 
Geology, University of Washington, Seattle 

Granites of Magmatic Origin as Distinguished from 
Granites of Metasomatic Origin: G. E. Good- 
speed, University of Washington, Seattle 

Localization of Ore in the Kootenay Arc: M., §S. 
Hedley, senior geologist, and J. T. Fyles, 
geologist, British Columbia Dept. of Mines, 
Victoria 

The Work of the Mineral Deposits Branch of the 
U. S. Geological Survey in the Pacific North- 
west: A. E. Weissenborn, administrative geolo- 
gist, and M. R. Klepper, geologist, U. S. Geo- 
logical Survey, Spokane, Wash. 


2:00 pm Junior Ballroom 
Extractive Metallurgy Division 


Chairman: R. E. Shinkoskey, Manager, Tacoma Smelter, American 
Smelting & Refining Co., Tacoma, Wash. 


High Analysis Phosphates for the West: R. J. Mc- 
Nally, assistant manager, sulfuric acid and 
liquid SO, dept., American Smelting & Refin- 
ing Co., Salt Lake City. 

Ore and Concentrate Handling and Bedding at the 
Tacoma Smelter: Martin L. Plass, assistant 
general superintendent, American Smelting 
& Refining Co., Tacoma, Wash. 

Cominco’s New Sinter Plant: E. A. Mitchell, super- 
intendent, smelting dept., J. F. Melvin, plant 
superintendent, sintering plant, and R. Bain- 
bridge, assistant superintendent of develop- 
ment, Consolidated Mining & Smelting Co. 
Ltd., Trail, B. C., Canada 

Nodulizing Practice at Manganese Inc.: W. Kendrick, 
kiln superintendent, Manganese Inc., Hender- 
son, Nev. 


6:00 pm Junior Ballroom 
Pre-Banquet Cocktail Hour 
Admission by Banquet ticket. 


7:00 pm Olympic Bow! 
Conterence Banquet 


Toastmaster; Earl R. Marble, American Smelting & 
Refining Co., Tacoma, Wash 

Speaker: Grover J, Holt, AIME President-Elect, and 
general manager, ore mining dept., Cleve- 
land-Cliffs Iron Co., Ishpeming, Mich. 


Over 
Half Century 
Experience in 


Exploration and Development 
Diamond Core Drilling 
Grouting 
Rock Breaking 
Mining — Quarrying 
and Tunnel Driving 


Full details on request 


Davies 


DRILLING COMPANY 
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New York Sets 
All-Time Attendance Record 


Topping all previous records, the 
AIME Annual Meeting held in New 
York February 20 to 23, saw a turn- 
out of 4178. To accommodate this 
large attendance, AIME split their 
meetings between two hotels, the 
New Yorker for the Metals Branch 
and the Statler for Mining and Pe- 
troleum Branches. When the groups 
joined forces for the Annual Ban- 
quet on February 22, they needed 
the largest hotel for this sellout 
affair, which prompted the choice of 
the Waldorf-Astoria. 

For those so minded, the Annual 
Meeting schedule packed the spaces 
between the sessions with an array 
of breakfasts, luncheons and dinners. 
The New York Section deserves par- 
ticular credit for the entertainment 
at the Monday night Dinner-Smoker, 
and for the caliber of the music and 
prizes at the Informal Dance which 
followed the Branch Dinners Tues- 
day night. 


Welcoming Meeting 


The first major event was the 
Welcoming Luncheon Monday noon 
at which time President H. DeWitt 
Smith introduced C., E. Reistle, pres- 


Ta” 


ident-elect of AIME. Alfred N. Pen- 
hale, representing the CIM, brought 
greetings from Canada. 

The luncheon featured a speech by 
Jesse C. Johnson, director of the div. 
of raw materials, AEC. Discussing 
The Romance of Uranium, he point- 
ed out that, “Uranium prospecting 
has attracted more people, including 
people without mining experience, 
than any other mining excitement 
since the 1849 gold rush.. .” 

Mr. Johnson closed his speech with 
the following remarks: 

“This is only the first chapter in 
the romance of uranium mining. 
Under the stimulus of military re- 
quirements, the uranium industry is 
approaching a $500 million a year 
business. The real market will come 
with a development of atomic power.” 

The decision to change the AIME 
name to include Petroleum Engi- 
neers, suggested at last year’s Annual 
Meeting, was made official at a special 
business meeting of the national con- 
vention on Tuesday afternoon. 

Tuesday evening was marked by 
the Branch Dinners held by Mining, 
Metals, and Petroleum. Following 
the dinners, the Informal Dance 


At the Welcoming Luncheon on Monday the guests cought something of the romance 
of uranium in the talk by guest Jessie Johnson, head of raw materials activity for the 
AEC. Left to right: L. E. Elkins, A. 8. Kinzel, Jessie Johnson, and AIME Presidents 


H. DeWitt Smith and C. E. Reistle, Jr. 
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1956 Annual Meeting 


started at 9 pm and lasted till after 
1 am. 
Mining Branch Dinner 

The Mining Branch Dinner marked 
the first presentation of the Mineral 
Industry Education Award. Elmer 
Allen Holbrook, Dean Emeritus of 
the University of Pittsburgh, re- 
ceived this honor “for his notable 
leadership in teaching and adminis- 
tration in the field of mineral indus- 
try education; for his administrative 
services in the field of mineral tech- 
nology, especially in research and 
safety and for his encouragement, 
friendship and inspiration to students 
and colleagues.” The group was ad- 
dressed by Spencer Shannon, direc- 
tor, Office of Minerals Mobilization, 
U. S. Dept. of the Interior. His sub- 
ject was The Role of OMM in Pre- 
paredness. 

Meetings—Sessions—Lectures 

The business meetings began with 
the Council of Section Delegates who 
met on Saturday morning. Sunday 
was devoted to the educators who 
convened all day at Columbia Uni- 
versity. Then on Monday four full 
days of technical sessions com- 
menced. 

Unusual circumstances surrounded 
two men scheduled to be honored by 
the AIME. Due to the untimely death 
of Father James B. Macelwane, 
shortly before the annual meeting, 
the Jackling Lecture was cancelled. 
Fred J. Meek made the presentation 
of the award plaque which was ac- 
cepted by Ross Heinrich on behalf of 
St. Louis University where Father 
Macelwane had served as Dean and 
professor of geophysical engineering. 

The Howe Memorial Lecture was 
presented posthumously in behalf of 
Herbert J. French of International 
Nickel Co. Inc., whose death in Aug- 
ust, 1955, ended a brilliant career in 
metallurgy. John W. Sands of Inco’s 
research div. delivered the speech 
which he had completed in collab- 
oration with Oscar O. Miller, head 
of the company’s research labora- 
tory, steel section. They were able to 
draw upon material accumulated by 
Mr. French, on the commercial his- 
tory of engineering alloy steels. 

The Coal Div. held its luncheon 
Tuesday noon. The MGGD also met 
on Tuesday and the highlight of its 
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gathering was the presentation of 
the plaque honoring Father Macel- 
wane to Ross Heinrich who accepted 
on behalf of St. Louis University. 

On Wednesday the featured 
speaker at the Industrial Minerals 
Div. luncheon was Evan Just, of 
Cyprus Mines Corp. Also meeting on 
Wednesday were the Mineral Econ- 
omics and Extractive Metallurgy 
Divisions. 

Formalities at the Extractive Met- 
allurgy Div. Stag Luncheon were 
ably expedited by A. W. Schlechten 
who also presented a plaque to past 
div. chairman P. T. Stroup. Also 
presented for the first time was the 
EMD award to T. R. A. Davey, an 
Australian now in Germany. Guest 
lecturer at the luncheon was Dean 
Curtis L. Wilson of the Missouri 
School of Mines who spoke on The 
Road to Survival. 

MBD activities were split between 
the Scotch Breakfast on Tuesday 
morning and the annual luncheon 
Thursday. The luncheon guest of 
honor was Dean E. A. Holbrook. Fol- 
lowing lunch, the group heard the 
Robert H. Richards Award speaker, 
A. W. Fahrenwald, Dean of the 
School of Mines, University of Idaho. 


Annual Banquet 


Highlighting the many varied 
activities was the Annual Banquet, 
streamlined this year to include only 
the major awards. Chairman and 
Toastmaster H. DeWitt Smith hon- 
ored the following men: Charles R. 
Kuzell who received the James 
Douglas Medal; Louis Buchman re- 
cipient of the William Lawrence 
Saunders Medal; and R. Livingston 
Ireland, the Erskine Ramsay Medal- 
ist. The Robert H. Richards Award 
went to Arthur W. Fahrenwald; and 
the Benjamin F. Fairless Award to 


Past Presidents Gather 


4 


Stephen M. Jenks. The speech to the 
Banquet audience by Car! E. Reistle, 
Jr., incoming AIME president, ap- 
peared in the March issues of Jour- 
NAL OF METALS and MINING ENGINEER- 
ING in “Drift”. A special feature at 
the Banquet was a talk by Secretary 
of the Treasury George M. Humph- 
rey, who was voted an Honorary 
Member of AIME. 


The citation given Mr. Humphrey 
was presented “in recognition of his 
able administration of large corpo- 
rate enterprises in the U. S., his im- 
aginative and far-sighted leadership 
in opening up the vast iron deposits 
of Labrador, his achievements and 
service to the nation as Secretary of 
the Treasury, and the sound judg- 
ment, integrity, understanding and 
courage which are his and which 
have brought him great responsi- 
bility and high honor at home and 
abroad.” 


Louis S. Cates, of Phelps Dodge 
Corp. who also became an Honorary 
Member, was cited for “his outstand- 
ing development and administration 
of the low grade copper enterprises 
in Utah, at the Utah Copper Co., 
and, in Arizona, at the Ray Consolli- 
dated Copper Corp. and the Phelps 
Dodge Corp. His eminence as a 
leader in these fields deeply war- 
rants this recognition by the Insti- 
tute he has served so well as Presi- 
dent, and, for many years, Director.” 

AIME’s new president, C. E. 
Reistle, Jr., presented the Charles F. 
Rand Medal to H. De Witt Smith 
“for distinguished achievement and 
inspired leadership in the adminis- 
tration of all phases of the Mining 
Industry.” 

Among the many activities of the 
WAAIME was a luncheon fashion 
show at the Waldorf-Astoria on 
February 22, Thirty Years of Fash- 


Donald 8. Gilles, Scott Turner, Herbert Hoover, John M. Lovejoy, and Herbert G. 
Moulton; (standing, left to right) H. DeWitt Smith, W. M. Peirce, John R. Suman, 
Eugene McAuliffe, Champion H. Mathewson, Louis $. Cates, Donald McLaughlin, 
Clyde Williams, Andrew Fletcher, and Leo F. Reinartz. At right is the signature sheet 


possed around the group during the meeting. 


ions, presented by Mary Gordon, 
travel adviser to TWA. 
Credit Where Credit is Due 

Members responsible for the suc- 
cess of the Annual Meeting include: 
General Committee: John H. Ffol- 
liott, Chairman; James S. Vanick; 
Alvin W. Knoerr and Sidney 5S. 
Goodwin, Vice-chairmen; G. Howard 
Le Fevre, Secretary; Walter P. 
Schmid, Treasurer. 

Reception Committee: Robert Ful- 
ton, Chairman; Forrest E. Allen, 
Evan Just, Milton A. Lagergren, 
J. R. C. Mann, Richard D. Mollison 
and Frank N. Spencer. 

Banquet Committee: C. DeWitt 
Smith, Chairman; John T. Sherman, 
Vice Chairman; Austin Goodyear, 
Charles A. R. Lambly, Frederick R. 
McIntosh, Mrs. Domingo Moreno, 
Mrs. David E. Park, Earl M. Rees 
and Richard P. Seelig. 

Dinner-Smoker Committee: David 
T. Steele, Chairman; A. L. Hotch, 
William Mudge, J. K. Reynolds, 
Robert Stanley. 

Welcoming Luncheon Committee: 
Julian W. Feiss, Chairman; J. R. 
Atkinson, Philip Bucky, Norman H. 
Donald, Jr., Richard W. English, 
Mrs. Evan Just, Mrs. J. R. C. Mann 
and Lendall P. Warriner. 

Informal Dance Committee: Louis 
Pierre Ledoux, Chairman; Charles 
Gow, Carleton 5S. Harloff, Mrs. 
Robert Hills and Russ McIntyre. 

Cocktail Party Committee: James 
Boyd, Chairman; Phillip L. Merritt, 
Robert H. Ramsey, Earl M. Rees and 
John F. Ryan. 

Souvenirs Committee: L. H. Hart 
and Edward M. Connaughton. 

Ladies Entertainment Committee 
included: Mrs. H. DeWitt Smith and 
Mrs. C. E. Reistle, Jr., Honorary 
Chairmen; Mrs, H. R. Norsworthy, 
Chairman; and Mrs, D. E. Park, 
Vice Chairman. 
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A private luncheon of AIME Past Presidents brought together: (seated, left to right) < 


MINING BRANCH DINNER: Head table, left to right: E. A. Holbrook, Lenaro 
Gonzolez-Reyna, H. DeWitt Smith, R. C. Stephenson, S. S. Shannon (principal speaker), 
W. Mitchell, Jr., Ernest Kirkendall, T. 8. Counselman, H. F. Yancey, S. $. Cole, Arnold 


Buzzalini. Standing, Dr. Van Pelt. 


Technical Session Reports 


Mining Subdivision 


Unwatering The Osceola Lode—A 
panel of members of the Calumet 
Div, of Calumet & Hecla Inc. was led 
off on a well rounded discussion by 
A. 8. Kromer who spoke on the in- 
itiation of this project and its gen- 
eral history. Characteristics of the 
water and sampling procedure were 
detailed by R. J. Marcotte, and C. A. 
Campbell spoke on the unwatering 
and rehabilitation operations. Engi- 
neering problems were covered by 
R. R. Spencer who described spe- 
cial needs and P. H. Ostlender who 
spoke on the general problems en- 
countered,—-D, J. Pope. 


Latin American Session—G. Rein- 
berg, consulting engineer for Cerro 
de Pasco Corp., presented a case his- 
tory of the corrosion problems ex- 
perienced with the acid water found 
at the pumping installation of the 
historic Cerro de Pasco mine. The in- 
fluence of stray current in increasing 
corrosion rate and maintenance re- 
quired was covered in a manner 
which should be helpful to mine op- 
erators with similar problems. 

E. Just, vice president of Cyprus 
Mines, presented the interesting 
story of the mining and preparation 
of iron ore at Marcona by methods 
which fulfilled sales contracts with 
varying specifications. Colored slides 
helped to give a clear picture of 
the extremely arid district, near the 
Peruvian coast, where the Marcona 
mine and dock facilities were con- 
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structed and put into production in 
record time. 

T. J. Babson, assistant mine super- 
intendent at Braden, traveled from 
Chile to give an excellent review of 
the development of the block caving 
system at this great mine. Slides pro- 
vided detailed drawings of the mine 
workings, pictured methods em- 
ployed in the operation, and gave 
colorful views of this rugged section 
of the Chilean Andes. 


P. H. O'Neill, vice president of 
South American Gold and Platinum, 
furnished the final paper on the pro- 
gram and displayed pictures in color 
to illustrate his history of the mining 
of platinum in Colombia.—A. R. Merz. 
General Session—Although shrink- 
age stoping has given way to cut- 
and-fill methods recently, rock bolts 
continue to be used for temporary 
support of heavy ore backs and in 
development openings. The wide use 
of rock bolts in various types of 
rock and the degree of success with 
each was detailed by B. E. Venable, 
superintendent at Banner’s Mineral 
Hill Mines in Arizona. 

A co-authored study by J. F. Em- 
erson and L. A. Wright embodied a 
thorough, interesting description of 
the driving of a 1500 foot shaft 
raise in 200 foot sections at the Pine 
Creek Mine of Union Carbide Nu- 
clear Co. of Bishop, Calif. 

An exhaustive and enlightening 
review of ore hauling methods in 
underground metal mines through- 
out the U. S. was read by the chair- 
man, as authors S, H. Ash and L. H. 
McGuire could not appear. Statistics 
were omitted, but were available to 
interested session members after the 
meeting. 

The fourth paper was a compre- 
hensive review of DMEA explora- 
tion in the Pacific Northwest by A. 
E. Weissenborn, V. C. Fryklund, Jr., 
and S. W. Zoldok. This was a birds- 
eye view of the results of explora- 
tion of diverse deposits over a large 
area, with attendant successes and 
failures, and provided valuable in- 
formation on exploration in gen- 
eral.—J. Bley. 


After the Welcoming Luncheon, W. J. Harris, Chairman of the National Membership 
Committee, congratulates D. W. Jackson who received the President's Banner for the 
Panhandle Section, and H. A. Engel, Jr. who received a gavel for the Gulf Coast Sec- 
tion. These two sections won the 1955 awards for greatest number of applications in 
proportion to membership, and greatest number of applications, respectively. 


The “young crowd”—young in years or young at heart—turned out for the Informal Dance which followed the three branch dinners 


Tuesday night. 


Geology and Geophysics Subdivisions 


Geochemistry—-Although the pro- 
gram seemed divided into two un- 
related topics, namely, isotope geol- 
ogy and geochemical prospecting, it 
proved to be unusually interesting 
to mining geologists. In a preceding 
session there was considerable in- 
terest developed in the possibility 
that many hydrothermal ore deposits 
were formed by lateral secretion, or 
by the migration of elements from 
the host rocks to large dilatational 
structures. Opposing this view, Rus- 
sell and Farquhar of the Univ. of 
Toronto provided evidence suggest- 
ing that some lead ores, at least, are 
derived in large part from materials 
that reach the earth’s crust for the 
first time, from the mantle below, at 
approximately the time of the de- 
position of the mineral deposit. 

It was shown that in most cases 
the ratios of lead isotopes in lead 
ores vary uniformly with the age 
of the deposit, suggesting that the 
ore materials come from a homo- 
geneous source such as might exist 
below the crust at depths exceeding 
30 kilometers 

Prof. J. T. Wilson of the Univ. of 
Toronto, used some of the data de- 
rived from age measurements to 


point out that the measurement of 
geologic age could be very useful 
in exploration for metalliferous de- 
posits. Some mineral deposits are 
associated with the period of moun- 
tain building in which they occur. 
Other deposits in the same area 
might be associated with structural 
breaks that occurred at a much later 
period than the original orogenesis. 
If it were possible to map mineral 
deposits on the basis of their age, it 
is probable that very interesting as- 
sociations would show up. Prof. Wil- 
son pointed out examples and made 
a plea for subdividing the pre- 
Cambrian time scale further, based 
upon geological age measurements 

H. V. Warren and R. E. Delavault 
of the Univ. of British Columbia 
gave an interesting talk on the 
nature of soils in relation to geo- 
chemical testing for mineral deposit 
exploration. 

Following this, H. E. Hawkes of 
M.LT. presented an outline of a geo- 
chemical prospecting method which 
may turn out to be one of the most 
important exploration developments 
in recent times. The adsorption of 
metal ions by detrital materials in 
streams or flood plains is a process 


of actual concentration which affords 
a more sensitive measure of the 
amount of these metal ions coming 
down the drainage gradient, than 
can be found in the waters them- 
selves. Mineral occurrences within 
a drainage area develop a trail of 
trace amounts of their metal constit- 
uents downstream; and with suffici- 
ciently sensitive analytical tech 
niques these traces can be detected 
at distances up to miles below the 
actual mineral occurrence. Ammo- 
nium citrate extraction of the metal 
ions from the sample of alluvium is 
followed by colorimetric tests using 
reagents such as dithyzone, which 
can be made in the field or very 
simply in a base laboratory. Re- 
connaissance exploration by this 
method is fast and inexpensive and 
very effective under most conditions 
In the last paper, G. L. Sawyer 
described an effective rubeanic acid 
spot test for the detection of trace 
amounts of copper in beached out- 
crops.—Patrick Hurley 


General Ore Deposits 1--At the first 
session of the Geology Subdivision 
relating to ore deposits, six papers 
were read in a somewhat crowded 
session, so that discussion had to be 
eliminated for the last three papers 
The first two papers concerned ore 
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Informal Dance Draws a Crowd ; 


E. L. Clark presided at the Mining, Geology, and Geophysics Div. luncheon Tuesday, and 1956 AIME President C. E. Reistle, Jr. was 
principal speaker. The luncheon gathering was saddened by the death the week preceding of Father Macelwane who was to have 


been the Jackling lecturer. 


deposits in the Quebec-Labrador and 
East Greenland regions. W. H. Gross 
described ingenious procedures for 
determining the direction of lead 
and zinc mineralization in the Bly- 
klippen mining area of East Green- 
land by studies of crystal growth, 
ratios of lead to zine and other 
methods, thereby making it possible 
to employ drilling advantageously in 
prospecting for additional ore con- 
centrations. 

The third paper was concerned 
with the classification of ore deposits. 
This was followed by papers on the 
minor elements and selenium in sul- 
fides. Selenium was reported, by R. 
G. Coleman, to be higher in hydro- 
thermal pyrite than in sedimentary 
pyrite. Interesting occurrences of 
sulfide concentrates around a coali- 
fied log were illustrated with the 
initial wood structure being replaced 
by pyrite, the latter mineral retain- 
ing the original cell structure. It was 
unfortunate that lack of time pre- 
vented discussion of the interesting 
paper on the FeS-ZnS geological 
thermometer.—G, H. Cady. 


The Nature of Ore Solutions—Meth- 
ods for the extraction and analysis 
of fluid inclusions from vein quartz 
were described by Edwin Roedder 
and L. L. Ames, Jr., at this joint 
meeting with the Society of Eco- 
nomic Geologists. 

The water solution obtained is 
high in alkali chlorides but not nec- 
essarily of high pH, and is considered 
residual ore-forming fluid. 

For the Yellowknife Gold deposits, 
R. W. Boyle indicated that heat 
alone, from granite emplacement, 
mobilized water and carbon dioxide 
in the country rocks, removed ore 
and gangue constituents also present 
and deposited them in dilatant zones 
associated with shearing. 

R. M. Garrels discussed the be- 
havior and probable composition of 
fluids that deposited ores of the Mis- 
sissippi Valley lead-zinc type, and 
G. W. Morey directed attention to 
surprisingly high values in measur- 
ing the solubility of solids in gases. 

Using the constant sulfur isotope 
ratio in meteorites as a basis, J. L. 
Kulp and W. H. Ault presented an 


Leaders of the Womens Auxiliary present at New York included Mrs. H. DeWitt Smith, 
Mrs. Theodore Nagle, Mrs. H. W. Hardinge, WAAIME President Mrs. Robert D. 
Coombs, Mrs. C. W. Clorke, Mrs. H. A. Prosser, and Mrs. Reed W. Hyde. Mrs. Clarke, 


Mrs. Prosser, and Mrs. Hyde ore from Conade. 
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interpretation of the source of hydro- 
thermal sulfides. The corresponding 
ratio in closely controlled samples 
suggests whether the source of the 
sulfur is shallow or deep, but is not 
a direct measure of temperature or 
rate of deposition. 

A paper on hypogene ore deposi- 
tion by B. S. Butler, who could not 
attend the session, was presented by 
T. E. Gillingham. The session had 
a peak attendance of 140, and 
all papers stimulated lively discus- 
sion.—T. L. Kesler. 


Coal Division 


Mining Methods and Problems—A 
paper by R. A. Lambert and D. H. 
Connelly of the Pennsylvania Dept. 
of Mines began this well attended 
session. The study explained the 
reasons for the present serious state 
of the Anthracite Mine Water Pro- 
gram and the resultant need for aid. 
A relief program, planned with fed- 
eral and state legislation in mind, 
was explained and the results which 
are expected to derive from it were 
cited. 


W. C. Muehlhof of Reading An- 
thracite Co. emphasized the fact that 
present-day operators need relief 
because mining practices of years 
past have created serious drainage 
difficulties for many currently op- 
erating properties. 

R. L. Frantz of J. W. Woomer & 
Assocs. and W. L. Zeller of Hurley & 
Zeller presented papers in connec- 
tion with industrial engineering ap- 
plications to coal mining. Mr. Frantz 
outlined in general terms the formal 
programs currently used by four 
major coal companies, and cited the 
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Among the guests at the Annual Banquet were Assistant Sec- Three presidents rejoin forces at reception preceding 
retary of the Interior Felix Wormser, Mrs. Wormser, Honorary Annual banquet. H. DeWitt Smith turned the reins over to 
Member and Secretary of the Treasury George Humphrey, and C. E. Reistle, Jr., center, that evening. At right, Grover J 
AIME Past-President Donald Gilles. Holt, President-Elect. 


Two of the Student Prize Paper winners compare notes. Left, John H. Ffolliott, chairman of the General Committee for the 

E. A. Freeburg, and right, Mrs. and Mr. W. L. Steinbrenner. Annual Meeting, stands with Charles R. Kuzell, recipient of 

Mr. Steinbrenner's paper was entered by the Pittsburgh Section. the James Douglas Gold Medal, left, and Leo F. Reinartz, 
AIME President in 1954. 


The MIED held its first session on Sunday at Columbia Uni- Another group at the MIED Buffet Supper at Columbie on 
versity. J. R. Von Pelt, Jr, and J. D. Forrester chat with Sunday includes J. D. Ridge, C. F. Weinaug, and O. C 
three Canadian guests, A. V. Corlett, C. Gerow, and O. A. Sheppard. 

Carson. 
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S. S. Cole as outgoing chairman wielded the gavel at the Industrial Minerals Div. 
luncheon. Grover J, Holt, President-Elect was among the head table guests and Evan 


Just was the principal speaker. 


values which evolved from these 
programs. 

A detailed exposition of the basic 
uses of industrial engineering prin- 
ciples in coal mining was presented 
by Mr. Zeller who stressed that 
sound practices result in practical 
cost control. He predicted that a cost 
control plan applying the efficient 
methods of industrial engineering 
can effect cost reductions of from 
10 pet to 50 pet for any coal mining 
company. 

Very marked interest was shown 
in the papers concerned with effici- 
ency methods and numerous ques- 
tions were asked from the floor.—J. 
F. Core 
Utilization—Carbonization—Dr. F. 
W. Smith presented a paper cover- 
ing the possibilities of enhancing the 
coking properties of poorly coking 
coals by preheating in an inert at- 
mosphere, prior to actual carboniza- 
tion. Raising temperature to some 
point below the plastic range im- 
proved the coking properties of Il- 
linois coal and further indications 
show that oxidized coals may be 
similarly benefited. The difficulties of 
practical application of the process 
were also discussed 

M. O. Holowaty then presented an 
interesting paper covering observa- 
tions of the thermal behavior of 
various coals both with and without 
pressure application at temperatures 
up to 1000°F. The apparent differ- 
ences in behavior of the various 
petrographic layers were shown to 
be marked; and the overall plastic 
effects noted were stated to be a 
function of the fluidity of the coals 
in question 


The session was terminated by R. 
J. Grace who spoke on the prac- 
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ticability of determining the rela- 
tionship between coke and coal sul- 
fur by use of the ASTM button test. 
The correlation found to exist be- 
tween sulfur analyses obtained in 
this manner, as compared to those 
obtained with the small Penn State 
oven and the larger Russell-type 
oven, indicate that this method is a 
good guide in such determinations.— 
A. H. Brisse. 


Industrial Minerals 

Division 
Chemical Raw Materials—R. W. 
McAllister stated that lime is the 
largest volume chemical used, and is 
the least expensive per reactive unit. 
About 200 plants produce 11,000,000 
tons annually at an f.o.b. price of $10 
per ton. Major markets are found in 
the manufacture of pulp and paper, 
alkali, steel, and carbide, and in the 
treatment of water. A promising 
new use is in lime-stabilized clay 
roads. 

S. B. Roboff outlined the com- 
ponents of a nuclear reactor: fuel, 
coolant, moderators, control and 
safety elements, shield, and blanket 
and breeder elements. He cited the 
need for new materials and alloys 
to meet unique requirements. Re- 
actors, to list some basic needs, re- 
quire: zirconium, stainless steel, 
aluminum, sodium, beryllium, graph- 
ite, boron, cadmium, hafnium, iron 
and lead. 

A paper by M. I. Goldman and 
C. P. Straub pointed out the serious 
problems of reactor waste disposal. 
Disposition by dilution and dispen- 
sion and by concentration and con- 
finement are two general approaches. 
Low-level wastes such as isotope 
usages can be disposed of by dilu- 
tion, but disposition of high-level 
wastes from reactors and chemical 
separation plants is more difficult. 
Ocean burial and disposal into wells 
(at depths of 5,000 to 20,000 ft), or 
into salt domes, natural caves, aban- 
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H. F. Yancey presided at the Coal Div. annual luncheon, and the speaker was James H. 
Harlow, of the Philadelphia Electric Co. Among the other quests at the head table 
were President H. DeWitt Smith, AIME Secretary Ernest Kirkendall, and the secretary 


of the CIM, Mr. Gerow. 
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doned mines, or surface excavations 
may be feasible. 

E. G. Enck estimated that by 1960 
titanium production may reach 200,- 
000 tons annually. Rising prices of 
rutile concentrates encourage the de- 
velopment of rutile substitutes such 
as Sorel slag and modified ilmenite.— 
G. D. Emigh and T. E. Gillingham. 


Industrial Water—Six speakers rep- 
resenting widely divergent fields of 
water supply, treatment and waste 
disposal stressed the rapidly expand- 
ing need for industrial water in a 
session marked by enthusiastic dis- 
cussion. 

Significantly, several speakers 
pointed out that the cheapest and 
best source of industrial water is 
often sewage effluent. Such water is 
frequently softer and chemically 
more desirable than a city’s normal 
water supply. The effluent is nor- 
mally treated by the city and the 
additional treatment cost for process 
water is minor. Sparrows Point plant 
of Bethlehem Steel Co. at Baltimore 
and the Texaco Oil Refinery at 
Amarillo, Texas, have found the use 
of effluent profitable. 

R. S. Sanford covered cooperative 
planning by state and federal agen- 
cies for resource development as 
experienced in the Arkansas-White- 
Red Basins. 

S. W. Freese in discussing plan- 
ning for water supply in Texas 
pointed to the fact that a one year 
reserve is constantly required to in- 
sure an adequate supply. 

Describing the vast quantity of 
underground water stored in rocks 
and sediments, R. G. Kazman noted 
that such water is reasonably uni- 
form in temperature and quality. 
Also, water infiltrating from streams 
to wells, galleries or water collectors 
is relatively free from sediment and 
bacteria. 


R. P. Logan described techniques 
and equipment used in the physical, 
chemical, and biological methods of 
treating waste waters. Examples of 
successful treatment were drawn 
from steel, coal, phosphate, oil, and 
sand and gravel industries 

R. Stone, speaking in place of 
R. C. Merz, told of several highly 
productive instances of waste water 
reclamation in the west. Outstanding 
was the Geneva Steel plant which 
through recirculation and re-use 
consumes less water than was pre- 
viously needed to irrigate the land 
it occupies. The arid states have been 
the pioneers of water reclamation 
because of their special need 

S. Gottley summarized the saline 
water conversion research situation 
and indicated that costs for various 
processes are not necessarily com- 
parable. In general, present methods 
cannot match the cost of water from 
natural supplies but new methods 
promising probable reductions are 
being developed.—L. W. Dupuy and 
J. Graham, 


MED Reports 


General Economics Session—There 
is reason to expect that nuclear re- 
actors will provide power at com- 
petitive costs in parts of the U. S. 
within ten years or less, according to 
Donald Kallman, nuclear economist 
with Babcock and Wilcox Co. Mr. 
Kallman foresees energy from fis- 
sionable isotopes at a cost of 4l¢ per 
million Btu by 1960 or shortly there- 
after. Even at present estimated 
costs, energy from this source is 
economically feasible in many coal 
and oil deficient countries where 
thermal energy costs today are as 
high as $1.00 per million Btu. Real- 
ization of this potential is, however, 
contingent upon the willingness of 
the U. S. to supply the requisite 
U 235 which will enabie such coun- 
tries to utilize breeder reactors 
which are the most economical unit 
for utilizing fissionable material. 
Considerable interest and com- 
ments from the floor were engen- 
dered by papers presented by E. S. 
Merrill, executive vice president, 
Standard Research Consultants, Inc. 
and H. B. Fernald of Fernald, 
Loomis, Suffern and Fernald, who 
discussed the determination of profit 
potential in attracting new capital 
to mining ventures, and the impact of 
new changes in the U. S. tax law on 
depreciation procedures. Mr. Merrill 
outlined the factors unique in the 
mining industry as well as com- 
parative standards of other indus- 
tries. He treated in some detail such 
considerations as investment per 
dollar of revenue; importance of 
time between inception and produc- 
tion; type of investment; and impor- 
tance of preliminary studies and re- 
ports. As a logical corollary to this 
presentation, Mr. Fernald described 
the alternative depreciation rates 
and schedules and the importance of 
this cost item to any mining venture 
Attendance was good at this after- 
noon session.—F., R. Dykstra. 
Economic Trends and Their Effects 
on the Mineral Industries—At the 


first meeting two papers were pre- 
sented on Measurement of Trends in 
the Mineral Industries. These proved 
complementary as Paul F. Yopes dis- 
cussed technologic trends, while John 
J. Schanz, Jr. was concerned with 
determination of production and con- 
sumption trends. Both papers pointed 
up the need for more precise know1- 
edge of trends as guidance to indus- 
try and government 

Mr. Yopes revealed a Bureau of 
Mines program to collect and pub- 
lish statistical data measuring trends 
in productivity, mechanization, and 
other technologic aspects of mining 
and mineral processing industries 
This material would appear regu- 
larly as a chapter in the Minerals 
Yearbook. He explored the prob- 
lems of measuring such trends, illus- 
trated the magnitude of change by 
examples of technologic change in 
the past, and analyzed measurement 
of specific changes under way in 
mining, loading, and concentrating 
practices. 

Mr. Schanz emphasized that fore- 
casting will remain risky and fre- 
quently inaccurate. Differences in 
measurement of long and short term 
trends were discussed, and the in- 
herent difference between trends in 
domestic production and consump- 
tion explained. More common meth- 
ods of measuring trends were re- 
viewed including descriptions of 
mathematical techniques. It was con- 
cluded that an experienced statis- 
tician could predict trends as ac 
curately freehand as with a formula, 
and that his analysis of economics 
and technology could lead to an “ed- 
ucated guess” of appreciable value 


There were lively discussions of 
both papers from the floor, The value 
of the USBM proposed program was 
questioned by some; others said the 
project would fill a real need and 
should be heartily supported. The 
subject of mathematical versus free- 
hand projection of production-con- 
sumption trends was debated at some 
length.—C. W. Merrill 


At the MED luncheon the head table included: F. R. Dykstra, L. C. Raymond, J. R 
Von Pelt, E. H. Robie, H. DeWitt Smith, C. W. Merrill, Clayton A. Ball, ond RC 
Stephenson 
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At the MBD luncheon W. Mitchell, Jr. was the recipient of the Mill Gentlemen of 


Distinction scroll 


Dean Fahrenwald, Robert H. Richards 
Award recipient, spoke to the MBD 
following the luncheon on Thursday. 


Solids-Fluids Separation, Pyrolysis, 
and Nonmetallic Filotation—Four 
papers covering a wide field of in- 
terest were presented at the Thurs- 
day morning meeting. M. E. Wads- 
worth offered an interesting paper 
on the pellet technique for the study 
of solid surfaces. With this tech- 
nique, differential infrared spectra 
can be obtained in which the adsorp- 
tion bands are associated only with 
the surface. 

Cc. F. Cornell presented a paper 
which brought out some of the prob- 
lems that have been solved in filter- 
ing taconite concentrates. By ex- 
tensive investigation of the factors 
affecting filter cake moisture, it is 
now possible to design and operate a 
filter station for any desired moisture 
content consistent with required 
iron recovery. 

The session then switched to Fluo- 
Solid roasting and sulfuric acid pro- 
duction in connection with steel 
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inducting him are T. 8. Counselman, E. Crabtree, and R. Byler. 


The piper wailed at the Scotch Break- 
fast where guests heard the story of 
the event regaled in o verse written 
by James Shea. 


Incoming MBD Chairman Norman Weiss took over at the MBD luncheon. Guest of 
honor was Dean Holbrook, who was also honored by the Mineral Industry Education 


Div. with their first award. 


making. Harold B. Scharf described 
the installation of Bethlehem’s Spar- 
row Point plant. The use of hydro- 
gen sulfide as an additional raw ma- 
terial, as well as sulfate roasting of 
cobalt-bearing pyrite, was described 
in his talk. In the final paper, R. A. 
Wyman described laboratory work 
and pilot plant flotation of Canadian 
Kyanite which resulted in 85 pct re- 
covery and 94 pct grade.—R. H. 
Lowe. 
Material Handling and Operating 
Control—The session held on Mon- 
day afternoon was under the direc- 
tion of John Dasher and M. H. 
Dorenfeld, co-chairmen. The open- 
ing speaker, C. H. G. Bushel, Con- 
solidated Mining and Smelting Co., 
Ltd., reported that residual xan- 
thate tailing water could be meas- 
ured spectrophotometrically. 
Bernard Rachlin then explained 
the Minneapolis-Honeywell solution 
to pulp density recording for a thick 


pyrite pulp, which involved a baffle 
float chamber with both its top and 
bottom connected to the pulp line to 
avoid sanding-up. 

The next speaker; P. F. Allen, 
Phelps Dodge Corp., described the 
use of a header just outside the top 
of the dam at Morenci for tailing 
disposal. This saves the cost of con- 
structing trestles which become 
buried. 

Concluding the session were high 
speed movies shown by D. J. Reed, 
Jr., of U. S. Steel Corp., TCI div. 
These films were used to design a 
transfer point chute which placed 
the big lumps gently on the fast 
moving, big belt to eliminate the ex- 
cessive wear and tear previously ex- 
perienced.—John Dasher. 

Mill Design—Increasing interest in 
this session was shown by still 
greater attendance this year. Topics 
covered were: investigation of the 
ore body, interpretation of test data, 


MBD Activiti 
ctivities and Reports 
‘ » 


establishing the flowsheet, negotiat- 
ing the mill contract. Even more im- 
portant than the size of the session 
was the active participation during 
the discussions because the topics 
were current and interestingly pre- 
sented. 

It was mentioned that a committee 
has been appointed to study the 
feasibility of sponsoring a study of 
mill design volume. Definite recom- 
mendations are to be made by Feb- 
ruary 1957.—O. W. Walvoord. 
Concentration—A description of an 
improved contact angle apparatus 
for flotation research was given by 
D. W. McGlashan in a paper opening 
the Tuesday morning session. This 
study was well illustrated with 
slides and benefits of the equipment 
were obvious. 

H. D. Snedden followed with a 
presentation covering the methods 
used in tuning a Humphreys spiral 
concentrator plant for most efficient 
operation. It was pointed out that 
leveling of the spirals was extremely 
important, and the effect of misalign- 
ment was graphically shown. 

J. N. Butler reported on an AEC 
sponsored project for the beneficia- 
tion of low-grade uranium ores. In 
the discussion of collector design for 
these materials, it was pointed out 
that proper evaluation of their col- 
lecting properties called for the use 
of synthetic minerals rather than 


Physical Chemistry of Roasting—In 
the introductory paper, H. H. Kel- 
logg discussed the various reactions 
which may take place during the 
roasting of sulfides and outlined the 
stoichiometric and thermodynamic 
considerations which govern them. 

M. W. Wadsworth then described 
the application of kinetic measvre- 
ments to the determination of roast- 
ing mechanisms. Using the roasting 
of sphalerite and molybdenite as ex- 
amples, he illustrated how various 
rate laws may be encountered and 
how these may be interpreted. 

The two subsequent papers illus- 
trated an alternative approach to the 
elucidation of roasting mechanisms, 
based on physical examination of the 
products. Using micrographic and 
X-ray diffraction techniques, P. G. 
Thornhill and L. M. Pidgeon showed 
that during the roasting of particles 
of sphalerite and pyrite, no change 
occurred in the sulfide kernels. With 
other sulfides the metal or sulfur 
component showed preferential oxi- 
dation. C. L. McCabe and J. Morgan 
described related studies. 

In the final paper, R. B. Thomp- 
son and B. H. McLeod discussed 
various aspects of the fluidized roast- 
ing of pyrite, ranging from the op- 
erating principles and description of 
FluoSolid reactors to the results of 
a detailed microscopic examination 
of the calcines produced in such sys- 
tems.—J. Halpern. 


Fred Meek and Ross 
Heinrich stand with 
the Jackling Award 
plaque for the late 
Father Macelwane. 


those occurring naturally. The possi- 
bility of altering the surfaces of the 
minerals before adding the collector 
in order to make them more amen- 
able to flotation was also covered. 
Base metal exchange was the method 
indicated. 

S. C. Sun presented a discussion 
of the flotation characteristics of 
leached-zone phosphate ore from 
Florida when using anionic collec- 
tors. Concentration can be effected 
under certain conditions. Collecting 


Extractive Metallurgy Division 


Featured speaker at the Extractive 
Metallurgy Div. Luncheon was Deon 
Curtis L. Wilson, whose topic empha- 
sized the dangers facing our civiliza- 
tion if we are too complacent. 


Refractories—The large attendance 
at the session held on Monday morn- 
ing attested to the importance of 
this aspect of extractive metallurgy. 
One hundred and fifty members 
heard the papers by A. E. Fitzgerald 
and Guy Bridgstock in which in- 
creased service life and lower oper- 
ating costs, through use of suspended 
basic refractories in copper anode 
furnaces, were indicated. 

The report by J. E. Dore and W. S. 
Peterson, based on the primary alu- 


power of saturated fatty acids was 
reported to be definitely inferior to 
that of unsaturated acids. The effect 
of fuel oil, pulp temperature, and 
impeller speed was also commented 
on, When the total concentration of 
certain ions in the pulp liquid ex- 
ceeds 17 ppm, flotation is practically 
inhibited, 


A peak attendance of about 125 
persons attested to the interest 
shown in the program.—C. Chapman. 


minum industry, showed the diver- 
gence of the problems in aluminum 
melting from those usual in higher 


temperature refractory fields. Of 
paramount importance is the control 
of metal penetration, secured by 
limitation of silicate phase in alum- 
ina-silica refractories, or by firing of 
plastic fire-clay compositions below 
the transformation temperature of 
meta-kaolin. However, the low fired 
plastic compositions had insufficient 
abrasion resistance. In contrast, W. 
H, Stewart's paper showed good 
abrasion resistance for low moisture 
85 pet alumina ramming mixes in 
secondary metal monolithic hearth 
construction. 

Lack of time curtailed what prom- 
ised to be a lively discussion of 
these two papers, and of the Survey 
of Refractories for Lead Operations 
by A. Paul Thompson.—J. C. Hicks. 
Lead, Zinc, and Cadmium—This ses- 
sion opened with a paper by R. Bain- 
bridge entitled Cooling and Condi- 
tioning Fume Laden Gases at Com- 
inco. Portions of this work had been 
published previously, and it was of 
interest to learn of the further fun- 
damental investigations on this sub- 
ject being carried out at Cominco 

Horizontal Retort Charging Ma- 
chines was presented by J. W. Bur- 
gess. Design details of the various 
machines currently in use at the 
zine smelters in the natural gas belt 
were outlined in some detail 

T. D. Jones gave V. F. Leferrer’s 
paper on Vacuum Dezinecing of 


Parkes’ Process Zinc Crusts. His able 
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and interesting presentation indi- 
cated his familiarity with the sub- 
ject. Of particular interest is the 
fact that this distillation is carried 
out at low vacuum and low tempera- 
ture so that only the zinc is distilled. 

The closing paper, by R. E. Lund, 
was An Early Commercial Applica- 
tion of Sulphate Roasting. Mr, Lund 
described revisions made over the 
past few years, of the treatment proc- 
ess for sinter gas fume collected in 
electrostatic precipitators at the 
Josephtown smelter.—J. A. Marvin. 


Lead Smelting—-Five papers were 
presented to the 68 members attend- 
ing on Tuesday afternoon. The St. 
Joe New Lead Sintering Plant was 
discussed by J, W. Sherman who em- 
phasized their present 100,000 ton 
capacity. 

R. R. McNaughton, associate chair- 
man of the session, read the paper 
by H,. E. Lee and D. Ingvoldstad on 
the Modernization of Bunker Hill 
Pre-Sintering Plant. After two years’ 
operation, this plant has demon- 
strated a marked increase in blast 
furnace smelting rate due to their 
unique approach and improvements 
in sintering. 

The Sinter Roasting of Lead-Rich 
Galena Concentrates at the Electro- 
thermic Lead Plant of the Ronnskar 
Works, Sweden, was described by I. 
M. Symonds, The paper, prepared by 
S. J. Wallden, N. B, Lindvall and K. 
G. Gorling, explains the Boliden 
method for electrothermic-roast-re- 
action-smelting. 

T. D. Jones presented a paper on 
Debismuthizing Lead with Magnesi- 
um and Potassium at Noyelles- 
Godault written by J. Iche. Empha- 
sized are the importance of prerefin- 
ing of lead to free it of antimony and 
arsenic, since these elements form 
compounds with magnesium and po- 
tassium before bismuth does. 

Debismuthizing of Lead by T. R. 
A. Davey was read to the group by 
A. W. Schlecten. The paper describes 
how chemical lead (<0.005 pct Bi) 
may be produced by the Jollivet or 
Dittmer processes. Also discussed are 
the principles by which bismuth may 
be removed by the presentation of 
quantitative diagrams, with brief 
mention of practical aspects.—H. L. 
Johnson, 


Physical Chemistry—About 60 mem- 
bers and nonmembers attended this 
session on Thursday afternoon. 

In the opening paper presented by 
H. L. Bishop on Slag-Metal Equilib- 
rium Under Lime-Silica-Iron Oxide 
Slags, Mr. Bishop, co-authors N. J. 
Grant and J, Chipman, showed good 
agreement between predicted equi- 
librium constants and those meas- 
ured with the usual assumptions 
about species and some unknown ac- 
tivity coefficients. The second paper 
on the Rate and Mechanism of Sul- 
fur Transfer between Carbon-Satu- 
rated Iron and Slags was offered by 
S. Ramachandran who prepared it in 
collaboration with T. B. King and 
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N. J. Grant. This very interesting 
work was done in order to show that 
stoichiometric equivalents Fe, Si, 5, 
and CO were interrelated in the sul- 
fur transfer experiments performed. 

The third paper by J. P. Morris 
and G. R. Zellars was entitled the 
Vapor Pressure of Liquid Copper 
and Activities in Iron-Copper Alloys. 
Morris showed that the carrier gas 
method, in which the gas was in in- 
timate contact with the liquid metal 
or alloy, was an extremely useful 
method for determining activities. 

The last paper by J. W. Bur- 
lingame and N. A. Gokcen was on 
the MnO-SiO, System. The authors 
redetermined portions of the phase 
diagram. Several attending thought 
that the manganous-manganic ratio 
needed to be determined, while 
others thought that a congruently 
melting compound might exist.— 
Richard E. Grace. 


New Methods in Hydrometallurgy— 
The session was held as scheduled 
on Feb. 23, E. B. Mancke, chairman, 
and H. G. Poole, recorder, changing 
roles for the last half of the session. 
Considerable interest was evidenced 
by the good attendance. The opening 
topic was manganese recovery from 
domestic ores, and a brief discussion 
followed the papers by E. S. Nossen 
and Charles Prasky. 

As the meeting progressed, the 
amount of discussion increased. The 
next two papers dealt with ion ex- 
change; the first by R. S. Long and 
R. S. Olson was concerned with de- 
sign considerations. John Dasher, 
A. M. Gaudin and R. D. Macdonald 
explored the use of ion exchange in 
extractive metallurgy. 

The final paper on new flocculents, 
by Mr. Olson, provoked animated 
discussion from the audience. Of 
particular interest also were Prof. 
Gaudin’s comments concerning his 
current studies. These show that the 
size and shape of containers in 
which settling tests of slurries are 
made, have a great influence on the 
estimated size of thickeners required. 
The implication is that settling tests 
made in the conventional manner 
may give misleading results. Prof. 
Gaudin offered to send information 
on this subject to those requesting it 
from him at the Massachusetts Insti- 
tute of Technology.—E£. B. Mancke. 


Zine Smelting—This symposium on 
fluid-bed roasting of zinc concen- 
trates was led by J. G. Wehn and 
F. M. Stephens, Associate Chairmen. 
No formal papers were presented, 
but a brief history of four com- 
panies’ operations was given by the 
panel members representing them. 
Mr. Brubaker, Aluminum Co. of 
Canada, described the fluid bed op- 
eration at Arvida, Quebec, which 
consists of a 22 ft diam reactor. At 
first the unit encountered trouble 
with scaling, densification and with 
the ball-check valves in the orifice 
plate. These valves were then re- 


moved and the bed depth lowered 
from 6 ft down to 3 ft in order to cut 
excess retention time which had 
caused densification. With the modi- 
fied unit, 200 tons of zinc concen- 
trates can be treated daily. 

B. F. Buff outlined the operation 
of the two 18 ft diam reactors at the 
National Zinc Co. plant in Bartles- 
ville, Okla. He pointed out that the 
units operate with a 20 to 30 pct ex- 
cess supply of air. Eight water spray 
units mounted in a circular pattern 
in the roof maintain temperature 
control. 

The New Jersey Zinc Co., N. Y., 
formerly used flash roasting to treat 
their zinc concentrates, W. M. Pierce 
revealed. However, after studying 
alternate methods of roasting they 
now use a three-stage roasting proc- 
ess in the single reactor without 
separation plates, merely by adding 
the air in increments up the side of 
the reactor. The reactor is 2 ft by 
10 ft with a flared top to lower the 
final space velocity. With this unit, 
zinc concentrates can be roasted at 
rates of 2.4 to 3.5 tons per sq ft of 
furnace area per day. Mr. Pierce 
noted that the cost of operating this 
system is on a par with that of flash 
roasting. 

Robert Redlefs traced the opera- 
tions at St. Joseph Lead Co., Joseph- 
town, Pa., back to 1948 when they 
began studying fluid-bed reactors 
with a one-inch plexiglass model, 
operated cold. By 1953 a 15 ft reactor 
was being used and in 1955, the first 
22 ft commercial unit was placed in 
operation, the novel feature being a 
hot cyclone system. The cooling 
agent used is excess sulfate liquor, 
33 gal per ton of partially deleaded 
concentrates.—F. M. Stephens, Jr. 


Extractive Metallurgy of Uranium— 


The first paper presented at this 
session was a summary by W. L. 
Lennemann of the processes used in 
various uranium mills on the Colo- 
rado Plateau. 

R. L. Philippone described the 
conversion of a uranium mill at 
Monticello, Utah, from a salt roast- 
carbonate leach circuit in which 
both the uranium and vanadium 
were solubilized and subsequently 
recovered, to a circuit in which the 
salt roast step was omitted and only 
the uranium was recovered. 

The extensive pilot plant testing 
of a recent development in the field 
of uranium metallurgy was de- 
scribed by C. K. McArthur. The 
development of this process has 
made it possible to recover uranium 
directly from desanded pulps by 
contacting the slimes with an ion 
exchange resin, eliminating the 
need for filtration of the pulps. 

A. M. Gaudin described the his- 
tory of the development of the acid 
leaching-ion exchange process used 
in the South African plants for the 
recovery of uranium from the ores 
and tailings from gold mining opera- 
tions.—J. S. Breitenstein. 


The new assistant editor of MINING 
ENGINEERING, Donald Tone, came to 
AIME after spending a year on the 
Colorado Plateau, “looking for ura- 
nium.” Hailing from Easton, Pa., 
Don went to Missouri School of 
Mines for his B.S. after service in 
the Coast Guard during World War 
II. Convoy trips during the war took 
him to the Philippines and summer 
jobs during college found him work- 
ing underground in the famous old 
mining camps at Ogdensburg, N. J., 
and Butte, Mont. 

Following graduation Don worked 
as a surveyor and engineer for New 
Jersey Zinc Co. at Franklin, N. J. 
After two years at Franklin he 
joined the American Cyanamid Co., 
doing technical sales work in the 
northeastern states in connection 
with Cyanamid’s explosives line. The 
lure of the Plateau uranium search 


DONALD TONE 


proved too strong, however, and Don 
headed out there before coming to 
New York to join the AIME staff. 


the Sections 


e The Mining Geology Div. of the 
Arizona Section met December 5 at 
the Pioneer Hotel, Tucson. E. F. 
Reed was chairman and 102 at- 
tended. Harrison A. Schmitt, con- 
sultant, and Walter E. Heinrich, Jr., 
of United Geophysical Co., were the 
speakers. Mr. Schmitt spoke on “Pro- 
posed Hypothesis for the Origin of 
Shallow Ore Deposits.” Mr. Hein- 
rich’s topic was “Status of Mining 
Geophysics Today.” Division officers 
for 1956 are: Harry E. Metz, Chair- 
man, and James W. Keim, Secretary. 


e The Mining and Metals branches 
of the Philadelphia Section met 
jointly in March at the Lenape Club 
for cocktails and dinner. Following 
this, each group adjourned for its 
own lecture. 

J. A. Young, Jr., of the Sun Oil 
Development Co., spoke to the min- 
ing group on Problems Connected 
with Drilling Oil Wells in Texas. 

The metals group was addressed 
by James K. Stanley, of the Crucible 
Steel Co. of America, on Ferromag- 
netism, Antiferromagnetism and Fer- 
rimagnetism. Dr. Stanley traced the 
historical development of magnetic 
properties. Starting with O6cersted, 
he showed the important develop- 
ments up to the present time. Slides 
and samples of materials were used 
to illustrate the talk. 

A highly informative discussion 
period followed. 


@ The Woman's Auxiliary of the 
Chicago Section sponsored a dinner 
and dance held at the Sheraton 
Hotel, January 28. 


© The annual technical meeting of 
the Lehigh Valley Section was held 


on Friday, March 30, at 7 pm. Mem- 
bers and guests who convened at the 
Hotel Bethlehem in Bethlehem heard 
Morris Bradley, manager of public 
relations for M. A. Hanna Co., dis- 
cuss Labrador iron ore, from devel- 
opment to production. Mr. Bradley 
illustrated his lecture with films. 


eA new i6-mm color movie en- 
titled Under the Shovel, is available 
from the Euclid Div., General Motors 
Corp., Cleveland 17, Ohio. The film 
features the Model UD 10-ton rear 
dump and runs for 16 minutes. Ar- 
rangements for showings can be 
made through Euclid distributors or 
by writing Euclid direct. 


e A new film on submersible pump- 
ing has been announced by Byron 
Jackson Div. of Borg-Warner Corp. 
The Submersible Story is said to be 
the first complete factual story of 
the submersible pump, its history 
and operation, as well as its con- 
struction and operation. Showings 
may be obtained by writing: Roger 
Barron, Submersible Products Man- 
ager, Byron Jackson Pumps, P. O. 
Box 2017, Terminal Annex, Los 
Angeles 54, Calif. 


® Reynolds Metals Co. has a 16-mm 
film in sound and color, The Chemis- 
try of Aluminum, that is designed pri- 
marily for college classroom use. 
The 16-min film explains the mining 
and purification of bauxite, reviews 
present-day uses for aluminum, and 
covers production techniques for 
casting, rolling, extruding, and deep 
drawing of the metal. Showings may 
be arranged by writing to Motion 
Picture Dept., Reynolds Metals Co., 
2500 S. 3rd St., Louisville 1, Ky. 


6000 


‘Course I'm back. 
Only had to 
make one runt 


Up-drafts, down-drafts, air 
pockets man, what a flight! 
But this littl TI recorder kept 
right on writing. No ink spilled 
when I landed, either Never 
does 


SURE SAVES MONEY. Less weight, 
less gas. It figures. Not only that, 
I have yet to make a rerun. Get 
it the first time every time. Good 
clean records, too No wasted 
time trying to guess which is vi- 
bration and which is record, You 
just can't shake those pens. Yes, 
PENS. Two of them. With this 
little 15¥4-pound instrument, 
can get signal and altitude indi. 
cations at the same time! 

Just shows how well you can do 
with equipment that's tailor 
made for the job. You know, the 
Navy uses TI recorders like 
these to find subs There's no 
second time around for them 
It's the first time or else! That's 
what I like. Get the right score 
from the first crack of the bat 
This baby really paid off still 
does | get back quicker, carry 
less load, and have a record you 
can read. Yeah, and make more 
discoveries, too! 


Be seeing you around 
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PERSONALS 


Blair W. Stewart has been appointed 
to the California State Mining Board 
by Governor Knight. A vice presi- 
dent of the Coronado Copper & Zinc 
Co., Mr. Stewart has been active in 
the Southern California section, 
AIME 


BLAIR W. STEWART 


Newell G. Alford, consulting mining 
engineer in Pittsburgh, was elected 
chairman of the Mining Standards 
Board, American Standards Assn., 
and took office in February. 


Felix E. Wormser, Assistant Secre- 
tary of the Interior, is the 1956 re- 
cipient of the Egleston Medal. This 
is Columbia University’s highest 
award for distinguished engineering 
achievement. Mr. Wormser, current- 
ly one of the six alumni trustees of 
Columbia University, is a graduate 
of the School of Engineering, 1916 
He was vice president of St. Joseph 
Lead Co.,, and president of the Lead 
Industries Assn., prior to his appoint- 
ment to the Dept. of the Interior. 
He was a recipient of the Columbia 
Alumni Medal in 1953. 


John M. West of the U. S. Corps of 
Engineers, Portland, Ore.; Edward 
W. Parsons, U. S. Bureau of Mines, 
in Missouri; and G. A. Apell, USBM, 
Butte, Mont.; have been appointed 
to the staff of Wing G. Agnew, chief, 
USBM, Spokane office. 


William Reid, board member for 
production, National Coal Board, 
London, England, is president of the 
British Institute of Mining Engineers 
for the year 1956-1957. 


Ballard H. Clemmons is now super- 
intendent, Southern Experiment Sta- 
tion, U. S. Bureau of Mines, Uni- 
versity, Ala. 


George C. Lipsey has been appointed 
vice president and a director, Brit- 
annia Mining & Smelting Co. and 
general manager of the company’s 


Canadian operations. Mr. Lipsey 
was manager of the company's Snow 
Lake Div., Manitoba. 
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W. O. McClintock has been promoted 
to assistant manager for engineering, 
Florida Phosphate Minerals Div., In- 
ternational Minerals & Chemical 
Corp. Mr. McClintock joined Inter- 
national in 1944 as a research engi- 
neer. He graduated from the South 
Dakota School of Mines in metallur- 
gical engineering. H. T. Loehr is 
assistant manager for production. 
Mr. Loehr graduated from Georgia 
Institute of Technology as an elec- 
trical engineer. He joined Interna- 
tional in 1940 and after serving with 
the U. S. Navy from 1941 to 1945 re- 
turned to the corporation as chief 
electrician. H. E. Uhland is now 
chief engineer. Mr. Uhland has been 
with International since 1948. He 
graduated from the University of 
Maryland in chemical engineering 
and chemistry. F. J. Clawson is chief 
metallurgist. Mr. Clawson attended 
the Colorado School of Mines where 
he majored in metallurgy. He came 
to International in 1949. 


Harry L. MeNeill is assistant mana- 
ger, mining dept., Stearns-Roger 
Mfg. Co., Denver. 


Chester D. Rugen has been appoint- 
ed assistant vice president-engineer- 
ing, Universal Atlas Cement Co., 
New York. Mr. Rugen joined the 
company in 1930 and has worked in 
all its plants. 


Charles C. Russell, manager of the 
coal carbonization branch, Koppers 
Co. Inc., research dept., Pittsburgh, 
has been named chairman-elect of 
Eastern Gas & Fuel Associates, 
Boston. 


Thomas H. Chilton, technical direc- 
tor, engineering dept., E. I. du Pont 
de Nemours & Co., has been named 
president of the Engineers Joint 
Council. Mr. Chilton was a former 
vice president of EJC, a former 
chairman of the Council’s Manpower 
Commission, and a past president of 
the American Institute of Chemical 
Engineers. 


Chen-Siang Chang, formerly mining 
and chemical engineer, Chemical 
Construction Corp., Linden, N. J., is 
now with Crucible Steel Co. of 
America, Pittsburgh. 


WILLIAM F. BRINEY 


LOUIS S. CATES 


Louis 8. Cates, chairman of the 
board, Phelps Dodge Corp., New 
York, has been awarded the gold 
medal of the Mining and Metallur- 
gical Society of America. Mr. Cates 
took a leading role in the develop- 
ment of the low grade porphyry 
copper deposits in Utah and Arizona, 
and received the award for “dis- 
tinguished achievement in mining 
and public service related thereto.” 
He was AIME President in 1946. 


Lawrence J. Halderman, a veteran 
executive of The Timken Roller 
Bearing Co., Los Angeles, has been 
appointed director of General Com- 
ponents Div., Business and Defense 
Services Administration, U. S. Dept. 
of Commerce. Mr. Halderman will 
serve actively as director of the divi- 
sion for a period of six months, after 
which he will continue to be avail- 
able as a trained reservist in the 
event of any future emergency. With 
the exception of a brief period when 
he was employed by two motor 
truck companies, Mr. Halderman’s 
entire working career has been spent 
with The Timken Roller Bearing Co. 
During this time he has managed the 
company’s affairs at Atlanta, Kansas 
City, Chicago, and Los Angeles. 


Robert V. Safford has been promoted 
to assistant manager, Phosphate 
Chemical Div., International Min- 
erals & Chemical Corp., Florida 
operations. 


Robert H. Scanlon is research metal- 
lurgist, Bunker Hill & Sullivan Min- 
ing & Concentrating Co., Kellogg, 
Idaho. Mr. Scanlon was formerly 
with Kaiser Aluminum & Chemical 
Corp., Spokane. 


William F. Briney has been named 
manager, construction industry sales, 
Le Roi Div., Westinghouse Air Brake 
Co., Milwaukee. Mr. Briney first 
joined Le Roi in 1949 as a sales and 
service trainee. He was recently 
sales manager for Modern Machinery 
Co. Inc., Seattle. During World War 
Il, Mr. Briney was with the U. S. 
Army 10th Mountain Div. Ski troops. 
He graduated from Montana State 
University. 
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Donald R. Gunther is now metallur- 
gical engineer, Kennecott Copper 
Corp., McGill, Nev. Mr. Gunther was 
chemical engineer and assistant re- 
search engineer for the company at 
Hurley, N. M. 


WALTER C. CLAYTON 


Walter C. Clayton has been appoint- 
ed general sales manager, Dart 
Truck Co., Kansas City. Mr. Clayten 
has been with the Dart sales dept. 
since 1928. During World War II 
he served as district manager for the 
Office of Defense Transportation in 
Kansas City. 


Richard P. Gerwels is chief engineer, 
Minas de Matahambre, Matahambre, 
Cuba. 


James A. Barr, consulting engineer, 
Mt. Pleasant, Tenn., is abroad on a 
mineral mission for French interests. 
Accompanied by his wife, Mr. Barr 
will visit Paris, Germany, and Sene- 
gal, French West Africa, returning 


to the U. S. in June. 


ROBERT L. WICKER 


Robert L. Wicker has been appointed 
sales manager for the Federal Motor 
Truck Co. Div., Napco Industries 
Inc., Minneapolis. For the past three 
years Mr. Wicker has been general 
sales manager for the Dart Truck 
Co., Kansas City. Prior to that he 
formed the Wicker-Wood Equipment 
Co., with branches in North Holly- 
wood and Sacramento, Calif. 


John H. Gray is general superinten- 
dent, Miami Copper Co. and its sub- 
sidiary, Copper Cities Mining Co., 
Miami, Ariz. Mr. Gray has been with 
the Miami organization for 15 years 
in various engineering and operating 
capacities. In 1952 he was appointed 
mine superintendent, Castle Dome 
Copper Co. Inc., and continued as 
mine superintendent when the Cop- 
per Cities Mining Co. came into 
operation. Maynard M. Stover is 
mine superintendent, Copper Cities 
Mining Co. Mr. Stover joined the 
staff of Castle Dome Copper Co. Inc. 
in 1952. He advanced through engi- 
neering and operating positions to 
acting mine superintendent when 
Mr. Gray was on exploration work. 


Paul M. Sorensen is manager, Moki 
Mining Co., Provo, Utah. Mr. Soren- 
sen was with Decoursey Mt. Mining 
Co., Sleitmut, Alaska. 


Robert R. Hendren has been 
appointed general sales manager, 
Hoeganaes Sponge Iron Corp., New 
York. Mr. Hendren was formerly 
associated with Ferro Enamel Corp. 
of Cleveland, Republic Steel Corp., 
and Richard C. Remmey Son Co. of 
Philadelphia. He graduated from 
Ohio State University with a degree 
in ceramic engineering. 


Donald Joseph Seiwald is mine en- 
gineer, Missouri Portland Cement 
Co., Independence, Mo. 


The Ruggles-Coles Pilot Plant 
Dryer is designed especially for 
laboratory use for small capacity 
unit operations requiring a con- 
tinuous or intermittent drying 
step. Each unit: 


@ Is mounted on a structural 
steel base. 


e Has removable “knockers”. 


Provides for easy changing of 
shell rotation speed or shell 
slope. 


Is available in stainless steel 
or other corrosion-resistant 
materials. 


Requires only fuel supply and 
power connections to be 
placed in operation. 


Is easily moved from place to 
place. 


It is available in three models: 


(1) XH-XF single-shell, direct 
gas-fired dryer. Arranged for 
either parallel or counter-flow op- 
eration. Bulletin AH-471. 


(2) double-shell, indirect- 
heat, gas-fired dryer for drying 
without contamination. Volatiles 
removed with only limited dilu- 
tion. Bulletin AH-472. 


(3) XC steam-tube dryer indi- 
rect-heat dryer. Can be connected 
to any available steam supply or 
furnished with a 3-HP steam gen- 
erator. Bulletin 21-D-2. 


RUGGLES-COLES 


PORTABLE PILOT PLANT 
or 
LABORATORY ROTARY DRYER 


XH-XF SINGLE-SHELL 
DIRECT-HEAT DRYER UNIT 


XB DOUBLE-SHELL 
INDIRECT DRYER UNIT 


XC STEAM TUBE DRYER UNIT 


COMPANY, 


YORK, PENNSYLVANIA - 


M0 ArchS * 


INCORPORATED 


Main Office and Works 


New York + Toronto + Chicago Hibbing Houston * Sali Lake City + Sen Prenciace 
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L. G. FITZGERALD 


Lloyd G. Fitzgerald, mining engi- 
neer, U. S. Bureau of Mines, Mount 
Hope, W. Va., has been elected presi- 
dent, Appalachian Chapter, West 
Virginia Society of Professional En- 
gineers. Mr. Fitzgerald joined the 
USBM at Hazard, Ky., in 1942. Most 
of his work has been in the East 
except for studies of special blasting 
problems in Oklahoma, Arkansas, 
Kansas, Missouri, lowa, and Wyom- 
ing. Mr. Fitzgerald graduated from 
the University of Kentucky in 1922 
and is registered as a professional 
engineer in Kentucky and West 
Virginia. 


Earl E. Miller is now a consultant at 
905 Park Road, El Paso, Texas. Mr. 
Miller recently retired from Joy 
Mfg. Co., El Paso, after 43 years’ 
service with the company. 


Joseph J, Kasevniak is general man- 
ager, Interamerican Industries Inc., 
Santiago de Cuba, Cuba. 


Frank C, Pickard, who was recently 
elected vice president, Gregg Car 
Co., Brussels, Belgium, was in Chile 
last December. Mr. Pickard expect- 
ed to visit properties in Bolivia and 
Peru on his way back to the U. S. 


Robert L. Frantz is now a consultant 
mining engineer with J. W. Woomer 
& Associates, Wheeling, W. Va. Mr. 
Frantz was formerly mining engi- 
neer, Warner Collieries Co,., Mont- 
gomery, W. Va. 


Robert A. Rath, district sales man- 
ager, Laclede-Christy Co. in Pitts- 
burgh, is now manager, Butler Re- 
fractories Co., Butler, Pa. 


G. B. Griswold has joined the Wah 
Chang Mining Corp., Bishop, Calif., 
as a mining engineer. 


Clarence E. Nelson is resident engi- 
neer, mining dept., American Smelt- 
ing & Refining Co., New York. Mr. 
Nelson was transferred from Bu- 
chans, Newfoundland. 


Charles Will Wright, vice president, 
World Mining Consultants Inc., New 
York, has recovered from the auto- 
mobile accident he was in last May. 
Shortly before his accident Mr. 
Wright was in Sicily examining the 
sulfur mines. He is returning there 
for Sicilian American Sulphur Co. 


FRANCIS R. JOUBIN 


Francis R. Joubin, managing director 
of Technical Mine Consultants Ltd., 
Toronto, president of Algom Urani- 
um Mines Ltd. and vice president of 
Pronto Uranium Mines Ltd., was the 
Canadian guest speaker at the Nu- 
clear Science Congress and Interna- 
tional Atomic Exposition held in 
Cleveland last December. Mr. Jou- 
bin presented a paper on uranium 
developments in the Algoma District 
of Ontario. Mr. Joubin is a member 
of the Canadian Institute of Mining 
and Metallurgy. 


SuperDuty® Table Performance is 
as Profitable as it is Dramatic 


On the SuperDuty table occurs the only fully visi- 
ble separation of mineral values in the concentration 


process 


Before your eyes are high grade concen- 


trates, produced with minimum loss to the tailings 
and a reduced volume of middlings for recirculation. 
SuperDuty table efficiency is easily ahead of the 
field. For full information, send for Bulletin 118-B. 


THE DEISTER CONCENTRATOR COMPANY 


The Original Deister Co., incorporated 1906 


923 Glasgow Ave. 
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Fort Wayne, Ind. U.S.A. 


D. W. PETTIGREW 


David W. Pettigrew has been ap 
pointed administrative assistant to 
the American Zinc Institute, New 
York. Mr. Pettigrew was formerly a 
sales engineer for Swindell-Dressler 
Inc., Pittsburgh. He graduated from 
Carnegie Institute of Technology in 
1948. 


Paul T. Allsman has been named 
chief mining engineer, U. S. Bureau 
of Mines, Washington, D. C., suc- 
ceeding Eugene D. Gardner who has 
retired. Mr. Allsman has been with 
the USBM since 1936 and was for- 
merly assistant regional director, 
Eastern Region, with headquarters 
at College Park, Md. He has also 
served as chief, Mining Div., Rocky 
Mountain Region, and regional di- 
rector, North-Central and Southern 
Regions. Before he joined the USBM 
Mr. Allsman was in charge of open 
pit operations at Jerome, Ariz., for 
United Verde Copper Co. 

Robert Henderson, resident mana- 
ger, Climax Molybdenum Co., Cli- 
max, Colo., has announced the follow- 
ing promotions: Edwin J. Eisenach 
is general superintendent of mining 
and milling operation. Mr. Eisenach 
graduated from the Colorado School 
of Mines in 1939 and was employed 
by the Rocky Mountain Fuel Co. 
and Phelps Dodge Corp. before 
joining Climax in 1942. John M. 
Petty is assistant general superinten- 
dent. Mr. Petty worked for Climax 
for short periods from 1936 to 1942 
while attending Colorado School of 
Mines. After graduating in 1942 he 
returned to Climax. William F. 
Distler is assistant mine superinten- 
dent, mine dept. Mr. Distler joined 
Climax in 1954. Prior to that he was 
with the Miami Copper Co. He 
graduated from the Colorado School 
of Mines in 1942. 


George Hawn is general manager, 
technical dept., Corp. Minera de 
Bolivia, Oruro, Bolivia. 


Hubert C. Smith has been elected 
vice president in charge of opera- 
tions, Eastern Div., The Colorado 
Fuel & Iron Corp., with headquarters 
in Claymont, Del. Mr. Smith was 
formerly vice president, quality and 
research, Great Lakes Steel Corp. 
He is a graduate of McMaster Uni- 
versity, Hamilton, Ont. 
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W. P. Johnston, former field geolo- 
gist for the New Jersey Zinc Co., 
has set up a mining geology consult- 
ing practice. His address is: 3200 
West Plumb Lane, Reno, Nev. Mr. 
Johnston recently received a Ph.D. 
from the University of Utah. 


Steven S. Dettman is chief engineer, 
Washington State Tax Commission, 
Olympia, Wash. Mr. Dettman was 
formerly valuation engineer, Oil & 
Gas Transmission Pipe Lines, Cali- 
fornia State Board of Equalization, 
Sacramento, Calif. 


Cornelius Bloot, formerly geologist, 
Bureau of Mines & Geology, Mon- 
rovia, Liberia, is mining engineer, 
Corporacién Minera de Bolivia, Ca- 
tavi, Bolivia. 


H. A. R. Smits, formerly exploit en- 
gineer, Comité National du Kivu, 
Costermansville, Belgian Congo, is 
now with Kamativi Tin Mines Ltd., 
Dett, Southern Rhodesia. 


Charles M. Dolliver, Jr., production 
manager, Summit Mining Corp., 
Carlisle, Pa., is now associated with 
Theodore Squires, land surveyor, 
Southampton, Long Island, N. Y. 


John Merle Ruffner is with Fenwal 
Inc., Oak Park, Ill. Mr. Ruffner was 
mineral preparation engineer, Earl 
E. Whitaker Co., Pittsburgh. 


FRANK L. MAYER 


Franz L. Mayer is with Chile Ex- 
ploration Co., Chiquicamata, Chile. 
Mr. Mayer was with Tin Processing 
Corp., Texas City, Texas. 


Virgilio Palacios is general superin- 
tendent, Cia. Minera Independencia, 
S. A., Puno, Peru. Mr. Palacios was 
with Corporacién Minera Castrovir- 
reyna, S. A., Pisco, Peru. 


B. F. Mahoney is on the supervisory 
staff of San Manuel Copper Corp. 
Mr. Mahoney was formerly with 
Magma Copper Co. 


T. P. Larken of Lander, Wyo., is now 
mining engineer, Oceanic Oil Co., 
Los Angeles. 


Roderick G. Murchison, formerly 


vice president and general manager, 
Minerals Research & Development 


Corp. in British Somaliland, is now 
resident geologist with Tin & Asso- 
ciated Minerals Ltd., Jos, Northern 
Nigeria. 


William A. O'Kelly, chief mining en- 
gineer, The Anaconda Co., Butte, 
Mont., has retired. Mr. O’Kelly first 
worked for Anaconda during the 
summer of 1910 as a miner at the 
East Colusa mine. After graduating 
from the University of California, 
Berkeley, he went back to Anaconda 
in 1911. During the next few years 
he held various positions in the com- 
pany, and was appointed chief min- 
ing engineer in 1935. Fred W. 
Strandberg, assistant chief mining 
engineer, succeeds Mr. O'Kelly. Mr. 


Strandberg joined Anaconda in 1916 
after graduating from Iowa State 
College, Ames, and worked in the 
mining engineering dept. until the 
outbreak of World War I, when he 
entered the service. After the war 
he returned to Butte and remained 
with Anaconda until 1930 when he 
accepted an appointment at the 
Walker mine in California. Mr. 
Strandberg returned to Anaconda in 
1933. Robert Davidson Piper, under- 
ground engineering supervisor, suc- 
ceeds Mr. Strandberg as assistant 
chief mining engineer. Mr. Piper 
joined the engineering staff of Ana- 
conda in 1937. He graduated from 
the Montana School of Mines with a 
bachelor of science degree in mining 
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. EFFICIENT, LOW COST 
INDUSTRIAL POWER CONVERSION 


SYNV7TRON 


POWER 
CONVERSION UNITS 


Syntron Power Conversion Units provide 
automatic, low cost, packaged and com- 
plete conversion from all standard a-c 
voltages in capacities from 1 KW to 600 
Equipped with Syntron quality Se- 
lenium Rectifier Cells. 


Other Syntron Equipment Of Proven Dependable Quality. 


Feeder Self-Contained 
MACHINES 


of chlorides 
Provide fast, accurate compounds 
of test samples. plets 


Write today for complete catalogue — FREE 
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ROCK DRILL 


SYNTRON COMPANY 


554 Lexington Ave. 


Homer City, Penna. 
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EJC General Assembly 


The Engineers Joint Council Gen- 
eral Assembly 1956 was held Janu- 
ary 26 to 27 at the Hotel Statler, 
New York. Registrants were wel- 
comed by Col. L. F. Grant, past pres- 
ident, ECPD. 

The opening session was co- 
sponsored by the Engineering Man- 
power Commission, Scientific Man- 
power Commission, National Re- 
search Council, and the National 
Science Foundation. The subject for 
discussion was the Reserve Forces 
Act of 1955 and its effect on devel- 
opment and utilization of engineer- 
ing and scientific personnel. Howard 
A. Meyerhoff was the chairman. 

During the afternoon, current tech- 
nical manpower requirements were 
considered, with Maynard M. Boring 
as chairman. 

On Friday the sessions opened 
with a discussion on Growth Pattern 
of the Engineer. The moderator 
was Sidney D. Kirkpatrick. The pro- 
gram concluded with a review of the 
engineering aspects of the Hoover 
Commission Report. Mervin Kelly 
and Adm. Ben Moreell analyzed the 
part of the report dealing with re- 
search and development and water 
resources, respectively. 

The EJC Annual Dinner was held 
on Friday evening. Walker L. Cisler, 
president, Detroit Edison Co., was 
the speaker. His subject was A 
World Look at Usefulness of Nuclear 
Power, 


NEW, SAFE 
and AUTOMATIC... 


MINE CAR COUPLER 


Mayo’s new, cast steel coupler for 
narrow-gauge mine cars hooks on 
in seconds automatically from any 
position. Completely eliminates all 
hazords of hand coupling, saves 
time. Easily bolted to existing cars. 
Costs about half of comparable 


TUNNEL AND MINE 
EQUIPMENT 


1955 AIME Income and 


Included in the chart for 1956 esti- 
mated income are appropriations from 
special funds—specific endowments 
and other funds of the Institute plus 
a part of the Metals Branch publica- 
tions fund—which will be applied to 
special projects. Miscellaneous income 
includes that from book and pamphlet 
sales, dividends, and interest. 


The total income of AIME for 1955 
was $778,842, an increase of $95,269 
over the previous year. Membership 
fees accounted for 55 pct of the total, 
advertising for 29 pct. Publications 
sales and miscellaneous income came 
to about 13 pct of the total. 

It is of interest to note that the 
Metals Branch Research Fund for 
1955 was $23,184 as compared to 
$7,150 for 1954. Appropriations from 
this special fund make possible the 
publication of additicnal Transac- 
tions material in the field of metal- 
lurgy, published in the supplements 
to the JOURNAL or METALS. 


Expenses Are Totaled 
EXPENSE 


MONTHLY JOURNALS 


Among the special projects, income 
for which is provided through special 
funds, are the survey for location of a 
new engineering building, the long 
range planning committee, awards 
and honors, the Engineering Societies 
Library, appropriations for EJC and 
ECPD, and student assistance. Most 
special funds are for specified projects. 


In 1955 publications accounted for 
about 49 pct of the total expendi- 
ture, Division and Branch expenses 
for about 10 pct, and Local Sections 
for 4 pct, the balance under ad- 
ministrative expenses and institute 
activities. 


Previously, diagrams showing out- 
standing items of income and ex- 
pense have been available to any 
AIME member on request. Because 
these items of the yearly budget are 
of general interest to members, ap- 
propriations for 1956 are presented 
graphically here. 


AIME Income and Expenses, 1955 


| INCOME 


From Members’ Fees: 
1) Dues 
2) Initiation fees 
From Publications: 
3) Advertising 
4) Journal sales 
5) Petroleum Statistics vols. 
6) Transactions vols 
7) Miscellaneous sales 
Other Income: 
8) Metals Branch Research Fund 
9) Dividends and interest 
10) Miscellaneous 


Total 


EXPENSE 
Membership Services: 
11) Local Sections 
12) Divisions and Branches 
13) Institute Activities 
14) Engineering Societies Library 
Publications: 
15) Journals 
16) Transactions 
17) Petroleum Statistics 
18) Miscellaneous 
General and Administrative: 
19) Secretary's Office 
Business Office 
Pensions and benefits 
Depreciation 
Directory 
Miscellaneous 


Total Amount 


$774, 193 


Per Number* Pct of Total 


o- 
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#1888 


=e 


* The data in this column were obtained by dividing the amounts in the “Total” column by 


26,548, the number of members enrolied as of Dec. 31, 1955 
2825 Student Associates 


This membership figure includes 


AIME 
INCOME OVES $436,000 30% 
1956 
$368,000 43% 
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¥ 
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227,588 
28,023 
13,431 
i 32,872 
MAYO 15,326 
23,184 
1,909 
2'349 
$778,842 
$29,401 
71,977 
40,479 
7,638 
377,194 
| 26,001 
21,180 
| 12,798 
equipment. $0,971 
23,217 
9,943 
11,304 
Lancaster, Penna. | 
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OBITUARIES 


Milton A. Caine 
An Appreciation by 
J. H. Ffolliott 

Milton A. Caine (Legion of Honor 
Member 1906), Tennessee Copper 
Co. and Tennessee Corp. executive, 
died on Dec. 25, 1955, in New Ro- 
chelle, N. Y. He was born on Aug. 
26, 1882, at Saginaw, Mich. 

In 1905 he received an E.M. degree 
from Michigan College of Mines and 
Technology where he was a mem- 
ber of Tau Beta Pi, honorary engi- 
neering fraternity. 

Mr. Caine was first employed in 
the Ducktown Basin of East Ten- 
nessee by the Ducktown Sulphur, 
Copper and Iron Co. Ltd. In 1908, he 
joined Tennessee Copper Co. as 
assistant superintendent of mines. In 
1916, he became assistant manager 
and later, resident manager. In 1925, 
he transferred from Copperhill, 
Tenn. to the office of the parent com- 
pany, Tennessee Corp. in New York, 
where he served in an executive ca- 
pacity. At the time of his death, Mr. 
Caine was executive vice president 
and director of both Tennessee Corp. 
and Tennessee Copper Co. He also 
was a director of New Haven Cop- 
per Co. 

In addition, he was a director of 
Miami Copper Co. since Feb. 1, 1926, 
having served on its executive com- 
mittee since May 23, 1949, and as 
vice president since Apr. 19, 1951. 

Much could be written about Mr. 
Caine’s professional competence— 
his active, intense interest in his 
work and the solution of its prob- 
lems, and his defense of the princi- 
ples he espoused. His integrity, ex- 
emplary character, and his buoyant, 
zestful and stimulating personality 
endeared him to his associates and 
many friends and earned their last- 
ing admiration and affection. His 
wide popularity among all employes 
was a morale builder for the com- 
panies of which he was an officer. 

Recently he was elected to mem- 
bership in the AIME Legion of Hon- 
or and was to have been presented 
with its 50-year award at the Annual 
Meeting held in February. 

He is survived by his widow, the 
former Elisabeth Dodds, and by three 
children, Milton Dodds Caine, Sara 
C. White, and Robert Norman Caine. 

Mr. Caine was an elder of the 
North Avenue Presbyterian Church 
in New Rochelle, as well as a mem- 
ber of the New Rochelle Tennis 
Club, Wykagil Country Club, and 
Bankers Club (New York). 


Robert Strong Lewis 
An Appreciation by 
Rollin A. Pallanch and 
George L. Oldright 
On Feb. 16, 1956, Robert Strong 
Lewis (Legion of Honor Member 
1906), one of the best known and 


highly 
Utah Section, AIME, died suddenly 
in Santa Monica, Calif. He had just 
become eligible to receive the Insti- 
tute 50-year medal. He and his wife, 
Lillian, had moved to Oakland from 
Salt Lake City in 1952 in order to be 
near their daughter, Ruth Enid, who 
has for the past five years been hos- 
pitalized there with a severe case of 
poliomyelitis. Professor Lewis had 
a serious heart attack last April, 
and since then his health had been 
failing. 

Robert Lewis was born in Bridge- 
port, Conn. Nov. 19, 1882, but his 


professional life was spent in the | 


West. His degrees of A. B. in Mining 


(1905), Mining Engineering (1912),| 


and Ph.D. were all obtained at Stan- 
ford University. 

His field experience included: sur- 
veyor, Detroit Copper Mining Co.; 
superintendent, Kuykendall Mining 
and Milling Co.; and mining engi- 
neer for the Warrior Copper Co.; 
Steptoe Valley Mining and Smelting 
Co., Mountain Copper Co., Goldfield 
Consolidated Mining Co., and Nevada 
Consolidated Copper Co. After this 
thorough preparation in the field, he 
entered his chosen profession of 
teacher of mining engineering at the 
University of Utah. He was associate 
professor from 1912 to 1916, and pro- 
fessor from 1916 until his retirement 
in 1948. He continued teaching as 
professor emeritus until 1951 

Among the six honor societies of 
which he was a member are Sigma 
Xi and Tau Beta Pi. He was affiliated 
with the American Association of 
University Professors and the Ameri- 
can Association for the Advance- 
ment of Science. He was also a mem- 
ber of the Masonic order, 32nd de- 
gree Scottish Rite. 

As a teacher his most remembered 
characteristics are his thoroughness, 
kindliness, and his desire to develop 
his students to their full capacities. 
To this end he not only contributed 
his exceptionally broad knowledge 
of mining technology, accounting, 
and management, but also attempted 
to transmit to his students some of 
his own ability as a clear, concise 
writer. As an author he wrote the 
chapter on boring in Peel’s Hand- 
book, the well known test, Elements 
of Mining, and some 60 technical ar- 
ticles, including the section on min- 
ing in the Encyclopedia Britannica. 
As an experimenter he developed an 
experimental mine and models to 
assist in the study of mine ventila- 
tion, and he helped to start the work, 
now continuing, on directed charges 
for blasting. 

His habitual modesty and his de- 
sire to extend full credit to others 
were such that only his close asso- 
ciates know the leading role that he 
played in starting student sections in 
the AIME, in awarding prizes for 
their best papers, a system which has 
developed much talent, and his abil- 
ity to continue ventures begun. He 
will be missed not only for his serv- 
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AND 


ORIENTED DIAMOND BITS 
that Cut Faster — Last Longer 


For either core any other of 
diamond drilling, we liewe these to the 
most efficient and economical diamond bits ever 
produced and invite inquiries on that basis. 
Available at no advance in price in a wide va- 
riety of types and sizes to meet every diamond 
drilling requirement. Bulletin No, 320 illustrates 
all types and gives complete working data. Write 
for tree copy and tell us about your drilling con- 
ditions. e welcome opportunities to make 
money-saving recommendations. 


NEW LIGHT-WEIGHT HIGH SPEED 
CORE-DRILLING MACHINES 


Model 30 and Medel 30 
Model L-2 Trotter 


Mounted 
Supplementing our well- . 
known heavy duty ma- For easy porte. 
chines we now offer bility without! tying 
two light-weight high- wp @ Alo 
speed core drilling ma- complete Wuck 
chines suitable for either mounted unite 
Skid, Trailer or Track with 4-wheel 
mounting. Both models 
can be powered either 
by gasoline or diesel 
engines and air or elec- 
tric motors. Easily mov- 
ed from one location to 
another, they can also 
be relied upon to pro- 
duce good smooth cores 
rapidly at minimum ex- 
pense. Complete infor- 
mation on request. 


ACCESSORY EQUIPMENT 
STOCKED FOR PROMPT SHIPMENT 


We manufacture «a wide variety of accomor 
equipment for diamond drilling and soil sampl- 
ing and carry all essential items in stock for 
prompt delivery. A NEW CATALOG, No. 400, 
not only illustrates and describes each item but 
also gives piece numbers and shipping weight. 
Write today for a tree copy; it will help you 
to save time and money. 


CONTRACT DRILLING SERVICE 


Por more than 70 years, Sprague & Henwood, 
Inc. has been a leader in the field of Contract 
Diamond Drilling and Soil Sampling. Duria 
this period our crews have completed thousands 
of contracts successfully, under every conceivable 
operating condition, Today, we have a large 
force of expert operat- 

ors and an ample sup- 

ply of modern equip- 

ment, so that we can 

undertake practically 

any job anywhere, on 

short notice laquiries 

for all types of contract 

drilling work are solic- 

ited estimates sub- 

mitted promptly. — 


SPRAGUE & HENWOOD, 
SCRANTON 2, PA. 


NEW YORK, PHILADELPHIA PITTSBURGH 


Export Representative 
PHILIPS EXPORT CO. 100 420d ST YORE 


INC. 
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ice as section chairman (1924) and 
student adviser for many years, 
but also for his rare geniality and 
his effectiveness in working with 
others for the common good of those 
in our profession, Particularly will 
he be missed as one of the best of 
friends in time of need. 

We of the Utah Section feel that it 
is difficult to convey adequately our 
deep appreciation of their loss to his 
wife, Lillian Wirth Lewis; to his two 
daughters, Mrs. Mary K. Blakeman 
and Ruth Enid; and to his two sons, 
Robert W. and Frederic B. Lewis. 


Marden W. Hayward 
An Appreciation by 
His Associates 

Marden W. Hayward (Member 
1917), mining geologist par excel- 
lence, officially known as “Doc” to 
his legion of friends, died on Feb. 4, 
1956 at his home in El Paso, Texas. 

Born in Yankton, S. D., in 1882, 
Marden Hayward graduated from 
Massachusetts Institute of Technol- 
ogy in 1906. Commencing his career 
as geologist for the firm of Spurr & 
Cox, he joined the staff of The 
American Metal Company Ltd., in 
1915, and was associated with them 
henceforth, though since 1933 devot- 
ing only part of his time and talents 
to the work of that company. 

Marden Hayward's contribution to 
geology and mining was steadily and 
modestly made throughout his long 
and active career, which took him to 
most of the mining districts of North 
America, South America, and C“n- 
tral America and Canada. His early 
work in Mexico, particularly on the 
occurrence of lead-zine ores in dolo- 
mitic limestones, contributed meas- 
urably to science of geology. Better 
known in the mining world is the 
important part which he played in 
the development of the Climax mo- 
lybdenum ore deposit, Colo., and the 
copper deposits at Minas de Mata- 
hambre, Cuba. 

A warm-hearted and generous 
man, he gave fully of his wonderful 
knowledge and ability to his asso- 
ciates and to those fortunate younger 
men who were privileged to work 
with him and to learn from him. 
“Doc's” greatest pleasure was to 
bring happiness to others, whether 
long-standing friends or acquaint- 
ances. An outstanding man in his 
profession, he was truly loved by all 
who knew him. 

He is survived by his wife, Jean, 
two daughters, Mrs. Louise Archi- 
bald and Mrs. Mary Frances Woodul, 
and seven grandchildren. 


Necrology 


Date 

Elected Name 
George H. Anderson 
George W. Bryant 
W. J. Felton 
A. E. Flynn 
Walter R. Ingalls 
William H. Johnson 
Eldred A. Knapp 
Robert Strong Lewis 
James B. Macelwane 
Charlies W. Merrill 
Stanley Y. Slocum 
P. Vogelsang 


446—MINING ENGINEERING, APRIL 1956 


Appraisals 
Assoyers 
Chemists 


Construction | Space limited to AIME members or to com that have 
member on their stoffs. 
half inch, $25 payabie 


Consulting least one 


Designing 


ADAIR, BAILEY & VAN HORN 
Minerals Consultonts 
Dressing 


Geology Mining Ore 
221, Murphy, 


Geopnysicists 


Professional Services | 


Metallurgica! 
Reports 
Valuations 


inch, $40 yeor; 
in advance. 


SIDNEY S$. ALDERMAN, JR. 
Consulting Geologist 
814 Newhouse Bui =| 
~ Loke City 11, U 
iphone: Elgin 95-0976 


JAMES A. BARR 


Consulting Engineer 
Mt. Pleasant, Tennessee 


Cc. P. KEEGEL 
ining and Metallurgical Engine 
Administration 
Specializing in Management and 
Consultation in Latin America 
1721 Se. 14th St., Las Vegas, Nevada 
Telephone DUdley 4-6981 


KIRK & 


DESIGNER OF FL 


Berkeley 4. Calif 


KELLOGG KREBS 


Mineral Dressing Consultant 
564 Market St., San Francisco 4, Calif. 


BEHRE DOLBEAR & COMPANY 
Consulting Mining Engineers 
and Geologists 


ll Broadway New York 4, N. ¥. 


LEDOUX & COMPANY 


ists Assoyer 
SHIPPERS REPRESEN ATives 
Mine Analyses 
359 Alfred A eaneck, New Jersey 


BLANDFORD C. BURGESS 
Consultant 
Menticelle, Georgia 


& COMPANY, INC. 
in ne 
Plant Construction 
1-1 8th Street SW 
Birminghom, Ale. Phone 56-5566 


RENE ENGEL 
Consulting Geologist 
1222 Blair Avenwe 
Seuth Pasadena, California 
Telephone: ALbany 0012 


BAVID LeCOUNT EVANS 


tent 
Mining Geo Petroleum Geology 
314 Brown Wichita, Konsas 
Tel.: AMherst 2-8954 or MUrray $-6437 


HOWARD M. FOWLER 
MINING ENGINEER 
P.Eng.: British Columbia & Alaska 
408 Rogers Bidg. + Vancouver, B. C. 
Telephone: Tatiow 0729 
Aircraft — Scintillometer equipped 


GEORGE A. HOCH 
Thin Section Technician 
Standard and Oriented Sections 
Unconsolidated Materials a Specialty 
Dept. of Geology 
Frankiin & Marshall College, Lancaster Pa. 


EPH T. MATSON 
CONSULTING MINING ENGINEER 
Examinations— Appraisals 

‘ations 


P. O. Box 170 Santa Fe, New Mexice 


CLAYTON T. MeNEIL, M. 
Consulting Mining Engineer 
822 Bank of America Bidg. 
Tel. GArfield 1-2048 
SAN FRANCISCO 4, CALIFORNIA 


ARNOLD H. MILLER 
Consulting Engineer 
Mine, Mill and Industrial Investigations 
Improvement Design and Recommendations 
Cable: “ALMIL” Tel. Cortlandt 7-0635 
120 Broadway New York 5, N.Y. 


RODGERS PEALE 
Consulting Mining Geologist 
315 Mentgomery 
San Francisce 4, Calif. 


AMEDEE A. PEUGNET 
CONSULTING MINING ENGINEER 
Telephone MAIN 1-148! 

705 Chestnut St. Leuls 1, Me. 


LUCTUS PITKIN, INC. 
Minera logists 
Assayers——Chemists—Spectroscopists 
Shippers’ Representatives 
PITKIN BLOG., 47 FULTON ST.. NEW YORK 
Cable Address: Niktip 


JOHN R. RAND 
Consulting Geologist 
Mining and Engineering Geo 
482% Congress Street, Portland, 
Phone Spruce 4-2602 


CARLTON D. HULIN 
Mining Geology 
Orinda, California 7 Ardilla Read 


A 
4501 15th Ave., N.E. Seattle, Wesh. 


C. PHILIP JENNEY 


Victor 4-9413 


PHILIP L. JONES 
Consultant 
Mineral Economics & M 
Heavy Media 8 
406 Miners Bank Bi Aq. 
Tel. MAyfair 38-7161 


Dressing 
Joplin, Me. 


RAPHAEL G. KAZMANN 
Consulting Ground-Water Engineer 


Stuttgort, Arkansas 


WILLIAM J. SHEDWICK, JR. 


Mine and Geologic Reports 

Mexico and Latin America 

New Jersey License 2744-0 
Reforme 20-302 Mexico 1, 0.F. 


Mining Engineer 
Mine Examinations 
Ventilation Surveys 


Mensey Baliding Washington 4, D.C. 


LEO H. TIMMINS, P.Eng. 
MINING ENGINEER 
Examinations Reports 
of Prospects 
Montreal 


IN 
-18th Street SW, 
Birmingham, Ale. Phone 56-5566 
| 
| 
Consulting 
| — | 
The Pacific Northwest, 
Consulting Geologist 
372 Lakeshore w. 
| 
Date of 
Death 
Feb. 16, 1956 
Dec. 5, 1955 
Feb. 10, 1956 
Feb. 28, 1956 
Feb. 25, 1956 
Feb. 19, 1956 
Feb. 16, 1956 
Feb. 16. 1956 
Feb. 15, 1956 
Feb. 7, 1956 Su 
August 1955 
Feb. 22, 1956 


GODFREY 8B. WALKER 
Metallurgical Consultant 
Mineral Dressing & Extractive 

Metaliur, 
Heavy Media a Specialty 
27 Lockwood Drive Old Greenwich, Conn. 


0. W. WALVOORD CO. 
Mill-Design and Construction 
401 High 8&1. Denver 3, Cole. 


ABBOT A. HANKS, Inc. 
ASSAYERS-CHEMISTS 


Shippers Representatives 
624 Sacramento Street 
SAN FRANCISCO 


CLIFFORD R. WILFLEY 
Consulting Mining Engineer 
2233 Grape St. Denver 7, Colerade 


HARRY J. WOLF 
Mining and Consulting Engineer 
Examinations— Valuctions— 


HOPKINS EXPLORATION CONSULTANTS 


607-320 Bay St. Toronto 1 
EM. 4-5642 HU. 9-8375 
Branches 
Algoma Mills and Timmins, Ont. 


Uranium City, Soskatchewan 


NEWELL G. ALFORD 
Consulting Mining Engineer 
Coal Property 
Vaivation 
Oliver Building 22, Pa. 


DIAMOND CORE DRILLING 
BY CONTRACT 
and world’s iargest manefacterer 
Core and grout hole drilling in coal, 
metal, and non-metallic deposits, both 
surface and underground. 
JOY MANUFACTURING CO. 
Centract Core Drill Division 
Michigan City, Indians 


ALLEN & GARCIA COMPANY 


42 Years’ Service to the 
Coal and Salt Industries as Consultants, 
Constructing Engineers and Managers 
Autheritative Reperts and Appraisals 
832 5. MICHIGAN AVE., CHICAGO 


i120 WALL 8T., NEW YORK CITY 


KNOWLES ASSOCIATES 


Chemical - Metallurgicat Mechonica: 
ENGINEERS 
URANIUM ORE PROCESSING 
ECONOMIC STUDIES - MILL DESIGN 
19 RECTOR ST. WNEW YORK (6) WN. Y. 


B. B. R. DRILLING CO. 
National Road West 
St. Clairsville, Ohio 
Diamond Core Drilling 


Contractors 
Mineral Foundation 
Cores Guaranteed Testing 


LEGGETTE, BRASHEARS & GRAHAM 
Consulting Ground-Water Geologists 


Water Supply Salt Water Problems 
Dewatering Investigations 
Recharging Reports 


551 Fifth Avenue, New York 17, N. Y. 


CENTENNIAL DEVELOPMENT CO. 


Consulting Mining Engineers 
and Contractors 


ROBERT S. MAYO 
Civil Engineer Lancaster, Po. 
Specializing in Concrete Lining of 
Tunnels. Haulageways and Shotts. 


Special Equipment for Suboqueous 
Construction. 


EAVENSON, AUCHMUTY & 
SUMMERS 
MINING ENGINEERS 
Mine Operation Consultants 
Coal Property Valuations 


2720 Keppers Bidg. Pittsburgh 19, Pa. 


RK. S. MC CLINTOCK 
DIAMOND DRILL CO. 
Spokane, Wash. — Globe, Ariz. 
Diamond Core Drill Contractors 
Manufacturer of Diamond Bits and 
Drilling Accessories 


FAIRCHILD AERIAL SURVEYS, INC. 


JOHN F. MEISSNER ENGINEERS, INC. 
Consulting Engineers 
Conveyor Systems Storage Methods 


Ship Loading Docks 


terials Handling and 
Processing Plants 
308 W. Washington 81. Chicage 6, Mi. 


GRAFF ENGINEERING 
COMPANY 


Mining Engineers and Surveyors 


39 E. Campbell St Blairsville, Pa. 


J. B. MORROW 
COAL CONSULTANT 
Pittsburgh, Po. 


Oliver Bidg. 
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DIAMOND CORE DRILLING 
CONTRACTORS 
Testing Mineral Deposits 
Foundation Borings 
MOTT CORE DRILLING CO. 
Huntington, W. Ve. 


PENNSYLVANIA DRILLING 
COMPANY 
PITTSBURGH 20, PA. 
DRILLING CONTRACTORS and 
MANUFACTURERS 
We prospect coal and mineral land 
nywhere in North and South America. 

‘ore borings for foundation testing; 
dams, bridges, buildings, ete. 


PRODUCTION AND MANAGEMENT 
SPECIALIST 


ROGER V. PIERCE 
Underground Mining Methods, Cost 
Cutting Surveys—Production Analysis 

Mine Mechanization -Mine Manage- 
ment. 
808 Newhouse Bldg. Phene 33078 

Salt Lake City 4, Utah 


M. G. SMERCHANSKI 


Consulting Mining Geologist 
Registered Professional Engineer 


Examinations, Geological Surveys 
& Development 


411 Childs Bidg. Wing’ 
Phone: 926323 


SPRAGUE & HENWOOD, Inc. 
SCRANTON 2%, PA. 
Diamond Drill Contractors and 
Manufacturers 


Core borings for testing mineral 
deposits in any part of the world. 


H. L. TALBOT 
Consulting Metellurgice! Engineer 
Extraction and Refining of Base Metals 
Specializing in Cobalt and Copper 


Room 330, 64 Stete Street 
Boston 9, Mess. 


PAUL WEIR COMPANY 
Mining Engineers and Geologists 
Consultants and Managers 


Design and Construction 
20 No. Wacker Drive Chicago 6, iil. 


J. W. Woomer & Associates 
Consulting Mining Engineers 
Modern Mining Systems and Designs 
Foreign and Domestic Mining Reports 


Henry W. Oliver Bidg., Pittebergh, Pa. 
Nations! Bank Bidg., Wheeling, W. Ve. 


WORLD MINING CONSULTANTS, 
INC 


Consulting Mining Engineers 
and Geologists 
220 Broadway, New York 38, N. Y. 
Worth 2-2934 


Box 271 Bartow, 
One Park Place, New York 7, N.Y. 
Shoft Sinking — Tunnel Oriving 
Mine Development 
Airborne Magnetometer & Gradiometer 
ond Protogrophie — 
for Mining Exploration. 
224 E. 11th St. 30 Rockefeller Plaza 
peste 


Apr. 18-22, Assen. of American State Geole- 
giste, annual meeting, Kenlake Hotel, Ken- 
ucky Lake State Park 


Apr. 23-26, Sympeosiem on Rock Mechanics, 
Colorado School of Mines, Golden, Colo. 


Apr. 243-25, American Zine Institute-Lead In- 
dustries Asen., annual meeting, Statier Ho- 
tel, St. Louls 


Apr. 23-26, American Assen, of Petroleum 
Geologists, Conrad Hilton Hotel, Chicago. 


Apr. 26-28, Asen. for Advancement of En, 
neering, seventh annual conference, Vir- 
ginia Polytechnic Institute, Blacksburg, Va. 


Ag. 28, AIME, Adirondack Section, Newton 
alls Hotel, 7:00 p.m., Newton Falls, N. ¥ 


May 4, AIME, Utah Uraniom Subsection, 7:50 
pm., Arches Cafe, Moab, Utah. 


Mey 5-5, AIME, Pacific Nerthwest Regional 
etale and Minerals Conference, Olympic 
Hotel, Seattle 


ay 7-0, American Mining Congress, Coal 
onvention, Netherland Plaza tel, Cin- 
cinnati 


A 17-18, Reecky Meuntain Petroleum See- 
ms, joint meeting, Gladstone Hotel, Cas- 
per, Wyo 


May AIME, Central Appalachian Sec- 
len, ring meeting, Martha Washington 
Inn, A ington, Va 


May 10, AIMEE, Colerade MBD Subsection, 
annual meeting with Pikes Peak Section, 
Broadmoor Hotel, Colorado Springs, Colo 


26, AIMEE, Adirondack Section, tour of 
ower and Seaway Projects, Massena, N. Y. 


June 7, AIME, Utah Uraniem Subsection, 7:30 
p.m., Arches Cafe, Moab, Utah. 


June 16-28, Fifth World Power Conference, 
Vienna. 


June 17-22, American Seclety for Testing 
Materials, annual meeting, Hotel Chal- 
fonte-Haddon Hall, Atlantic City, N. J. 


June AIMEE, Adirondack Section, Gou- 
verneur, N. ¥ 


Aug. 10-24, Sixth International Symposium 
on Combustion, Yale University, New 
Haven, Conn 


Aug. 25-25, National Council of State Boards 
Engineering Examiners, Hotel Statler, 
Los Angeles. 


Sept. 4-11, 20th International Geological Con- 
gress, Mexico City. 


26-28, AIME Recky Meuntain Minerals 
onference, Sait Lake City. 7 Technical _pa- 


pers will represent all br 
the Petroleum Div. 


Sep. 20-Oct. 1, Seelety of Exploration Gee- 
26th annual New Or- 
ne. 


Oct. 1-4, American Mining Congress, atining 
Show, Shrine Auditorium, Los Angeles 


Oct. 6-10, AIME, Institute of Metals Div., 
Carter Hotel, Cleveland. 


Oct, 6-12, Union of Pan American Assns. of 
epetocte, fourth convention, Mexico City, 
exico. 


Oct. 14-17, AIME, Petroleum Branch, Bilt- 
more Hotel, Los Angeles. 


Oct, 22-24, ASA, 36th annual meeting, Hotel 
Roosevelt, New York. 


Oct. 20-Nev. 1, Seotet - 

Nev. 1-8, Geelogiea! Seclety of America, Min- 
neapolis. 


Dee. 5-7, AIME, Electric Furnace Steel Con- 
ference, Hote! Morrison, Chicago. 


Feb. 24-28, J AIME Annesl Meeting. 
Roosevelt and Jung hotels, New Orleans. 
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Allis-Chalmers Mfg. Co. 
Construction Machinery Div. 
Bert 8. Gittins Adv., Inc, 

Allis-Chaimers Mfg. Co. 


Industrial Equipment Div. 
Compton Adv. Ine. 


American Cyanamid Co. 
James J. McMahon, Inc. 
American Manganese Steel Div. 


American Brake Shoe Co. 
Fuller & Smith & Ross, Inc. 


Anaconda Co., The 
Kenyon & Eckhardt, Inc. 


Atlas Copco Aktiebolag 
Intam Limited 


Armour & Co. 
Foote, Cone & Belding 


Boyles Bros. Drilling Co. 
Adamson, Buchman & Ass~ciates 


Brunner & Lay, Inc. 
Norman P. Hewitt Adv. 

Bucyrus-Erie Co. 350 
Bert 8. Gittins Adv. 


Caterpillar Tractor Co. 
N. W. Ayer & Son. Inc. 


Colorado Fuel & tron Corp. 348 
Doyle, Kitchen & McCormick, Inc. 


Colorado Works Co. 
Walter L. Schump, Adv. 


356, 370, 374 


Deister Concentrator Co. 
Louts B, Wade, Inc. 


Denver Equipment Co. 
Galen E. Broyles Co., Ine. 
Detroit Diesel Engine Div. 
Kudner Agency, Inc. 


DeZurik Shower Co. 
The Stockinger Co 


Diamond Products, Inc. 
Ritchie & Sattler, Inc 


Dorr-Oliver Inc. 339 
Sutherland-Abbott Adu 


Dow Chemical Co., The 365 
MacManus, John & Adama, Inc. 


Eimco Corp., The 353, 361, 368 
Matsie Co. 


Flexible Steel Lacing Co. 
Kreicker & Meloan, Inc, 


Gardner-Denver Co. 
The Buchen Co. 


Hardinge Co., Inc. 


Adams Associates, Inc. 


Harnishfeger Corp. 
Fuller & Smith & Ross, Inc. 


Hercules Powder Co. (Explosives) 
Fuller & Smith & Ross, Inc. 


Hough Co., The Frank G. 
Ervin R. Abramson Adv. 


Ingersoll-Rand Co. 352 
Marsteller, Rickard, Gebhardt & Reed Inc 


International Nickel Co., Inc. 354 
Marochalk & Pratt 


Jeffrey Mfg. Co. 
The Griswold-Eshieman Co. 


Joy Mfg. Co. 362 
W. S. Walker Adv. Inc. 


Kennedy-Van Saun Mfg. & Engrg. Corp. 345 


Rea, Fuller & Co., Inc. 


Mayo Tunnel & Mine Equipment 44) 
The Godfrey Agency 


Metal Carbides Corp. 
Meek and Thomas, Inc 


Mine & Smelter Supply Co. 
Walter L. Schump, Adv. 


Mine Safety Appliances Co. Fourth Cover 
Ketchum, MacLeod & Grove, Inc. 


Nagle Pumps, Inc. 
Tri-State Adv. Co., Inc. 


National Oil and Uranium Exposition 


Naylor Pipe Co. 
Fred H. Ebersold, Inc. 


Nordberg Mfg. Co. 
Russell T. Gray, Inc 


Northern Blower Co. 
Carr Liggett Adv., Inc. 


Phelps Dodge Refining Corp. 
The House of J. Hayden Twiss 
Pittsburgh Steel Co. 
Bond & Starr, Inc. 


Rohm & Haas Co. 
Arndt, Preston, Chapin, Lamb 
& Keen, Inc. 


Sanford-Day Iron Works 


Charles 8. Kane Co. 


Sauerman Bros. inc. 
Symonds, MacKenzie & Co. 


Sheffield Steel Co. 
R. J. Potts-Calkins & Holden Adv. 


Simplicity Engineering Co. 
Price, Tanner & Willoz, Inc. 


Smidth & Co., F. L. 


The Stuart Co. 


Spencer Chemical Co. 


Bruce B. Brewer & Co. 


Sprague & Henwood, Inc. 
Frederick B. Garrahan Adv. 


Stearns-Roger Mfg. Co. 
Gray & Co., Ine. 


Syntron Company 
Servad, Inc. 


Texas Gulf Sulphur Co. 
Sanger-Funnell, Inc. 


Texas Instruments Inc. 
Don L. Baxter, Inc 


Thor Power Tool Co. 
Roche, Williams & Cleary, Inc. 


Traylor Engrg. & Mfg. Co. 
The William B. Kamp Co. 


Tyler Co., W. S. 


Western Machinery 
Boland Associates 


Wilfley & Sons, Inc., A. R. 
Ed M. Hunter & Co. 


Wilkinson Rubber Linatex, Ltd. 
Greenlys Ltd. 


Yuba Mfg. Co. 
Geo. C. MeNutt Adv. 
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COMPLETE 
EQUIPMENT 
YOUR MILL 


REDUCE YOUR GRINDING COSTS WITH 
DENVER STEEL HEAD BALL MILLS 


INCREASED CAPACITY—Savings in Initial Cost 


The size of a Denver Ball Mill is determined by the working 
diameter inside the liners rather than the diameter of the shell, 
as many other ball mills are measured. Therefore, Denver Ball 
Mills have up to 32% greater capacity—with resulting savings 
in initial cost because you can buy a shorter mill for the same 
volume of material. Sizes from 30” x 18” to 7’ x 15’. 


GREATER STRENGTH—Longer Ball Mill Life 


. Denver Ball Mill heads are cast from electric furnace steel that 


DENVER AUTOMATIC SAMPLERS has approximately four times the strength of cast iron, This 
... for Positive Mill Control greater strength provides longer ball mill and bearing life— 


e Accurate Sampling lower power costs. 

e Representative Sampling 

e Uniform Sampling Large bearing surface—low bearing pressures on trunnion bearings 
e Rugged Construction High quality pinion shaft bearings 


Denver Equipment Co. can supply you Complete wet or dry systems—any application 
with a variety of samplers to meet the é 
many different problems involving size Complete line of Rod Mills and Ball Mills 


of material (either wet or dry); amount 
of sample; and frequency of sample cuts. Top grade design and construction 


WRITE FOR 
suLLETIN NO. WRITE FOR BULLETIN NO. 82-813. 


“The firm that makes is frtends happier, healthier and wealthier” 


CO. 


1400 Seventeenth St. +« Denver 17, Colorado 
DENVER NEW YORK + CHICAGO VANCOUVER TORONTO 


MEXICO, D. F. + LONDON + JOHANNESBURG 


— 
; 
3 
= 
Crushers, Screens, Feeders, Ball-Rod | | 
Mills, Classifiers, Jigs, Pumps, | 
Samplers, Agitators, Condi- 
tioners, Flotation, Thicken- 
ers, Filters, Dryers, Ore 
Testing and Mill De- 
ge 
y 
“SE 
COMPANY 


FIRST AID KITS 


When emergencies call for first cid, these kity provide all the 
odventages for quick, complete treatment. Unit pockages, easily 
replaced, ore arranged for fast selection, contain one Or more 
complete dressings cr treatments for each injury. All dressings are 
sterilized and ready for use. Cellophone pockage wrappings 
protect contents, The kits, avcilable in 10, 14, 24, and 36 units, 
ore mode of 20-gauge steel, with carrying handle, and mounting 
brackets. Cose is dust and moisture-proof. Ideal for carrying on 
jeeps, moters or other mechenized equipment, Complete instruc- 
tions with each kit. Write for details. 


im serving the mining industries’ requirements. 


Whee you hove © problem, M-$-A is at your 
+» eur job is t» help you 


M-S-A MINER'S 
FIRST AID CABINET 


Contains complete assortment 
of first aid material and sup- 
plies. Ideal for mine hospital 
or dressing stations. Contents 
conform to U. S. Bureau of 
Mines recommendations. 


M-S-A FOILLE 
BURN KIT 


Contains four 10-ounce Foille 
Aerosol Sprays, easy-to-we 
Type D first aid dressings and 
accessories. Stored in All- 
Weather steel cose. Permits 
fast effective burn treatment. 


M-S-A EMERGENCY , M-S-A STANDARD 
FIRST AID OUTFIT STRETCHER OUTFIT 
Ideal for storage underground Complete assortment of first 
where a compact unit is ° RX y oid dressings ond supplies 
needed. Contents selected to orranged in a strong dust- 
meet practically every emer- ad proof canister. Contains stretch- 
gency. Includes two first aid sd = er, blonkets, first aid materials, 
kits, blankets, splints, Redi- © splints. Designed for first aid 
Heat Blocks, stretchers. Sturdy © a5) rooms, dressing stations, 

steel case. 


oid line, 


Our knowledge of emergency needs has de- 
veloped the design and contents of our first 


You will find complete information in our 


headquarters Aid Equipment 


Above are a few of the mony first aid supp%es 
and treciments ovailable from M-S-A. This 
material is the result of years of experience 


Mining Cotologe++++28 pages ore devoted 
to illustretions end detailed information on 


these and many other first ofd supplies. We 


will be hoppy to send you @ copy upon request. 


MINE SAFETY APPLIANCES COMPANY 
205 Morth Braddock Avenwe, Pirteburgh 6, Pa. 
At Your Service: 77 Branch Offices in the United Sictes and Mexico 


MINE SAFETY APPLIANCES CO. OF CANADA, LTD. 
Toronto, Montreal, Calgary, Edmonton, Winnipeg, 
Vencouver, Sydney, 5. 


. 
i 


